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IS treatise was origiually ptodaced by the late Samuel 
ighes, upwards of thirty years ago, and ty the practica! 
oimatic'it coHTeyed, at a prii^o within the means of all 
mected with the art, it presented an important new 
iture in the Mamutactube axd Distbibctios of Gas ; 
lilst the various editions issued in the original, and sub- 
luentiy in a revised form, fully testify to the desirability 
A popularity of the work. 

During the years that this treatise haa been before the 
ibiio, vast alterations and improvements have been intro- 
Kei into the art it refers to : by which the cobI of the 
raduction of gas haa been reduced one-half, and thus 
impaniea have been enabled to decrease ita price in a, 
responding degree. This again has induced the public 
• employ gas generally for illumination and innumcrablo 
Jier purposes ; hence tho present consumption in the 
nited Kingdom ia twelve times greater than when thla 
ork was first issued. 

Tte successful application of gaa for heating opart- 
ifflita and buildinge, for cooHng, as well as for producing 
otive power, are of comparatively recent date ; and its 
'periority for these, as well as for many manufacturing 
apoflea, is beyond all doubt. Indeed, judging from the 
suits of recent inventions, gas as a motor will in innu- 
Brable cases not only replace, but supersede, steam- 

E account of its freedom from danger ; the economy 
ty of ita adoption j and the various degrees of 
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PREFACE. 



power that can be obtained bj its nse, whether no 
than sufficient for actuating a sewing machine, or equii 
lent to that of many horses. 

In order to meet the advancing requirements, the 
edition of this work was abnost entirely re-written, and 
old lino-engravings of apparatus (some of which had 
como obsolete), were replaced by a larger number of ot 
of a superior character. Beyond this, further improvemc 
have been made, to the extent that, in the present voh 
not more than three pages of the text of the original woi 
are to be met with, whilst only two of the old cuts remi 

The great changes that have taken place in the purific 
tion of gas, by the general adoption of the washer; 
abandoning the wet lime process ; and other minor fact 
have necessarily caused considerable alterations in 
edition. 

The most important of recent improvements in 
Manxjfaotube and Disteibution of Gas, the Begeneratii 
Furnace ; the application of charging and drawing madmK 
tho general adoption of gas cooking and wanning stovetj 
tho improved burners of Bower, Wenham, and D. Sag{ 
the means of disposing of the residual coke ; and tl 
advantages of the Sliding Scale, are all treated in 
Appendix. 

With this preface the present volume is presented to 
notice of the gas community, with the hope that it 
enjoy the same degree of success, and popularity, as 
prodooessors. 

WILLIAM EIOHAEDS. 

MiiitA, 1885. 
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2 HT5T0IIICAX SETTCH OF GAS-LIGHTHrO. 

vil'ij.?:le arts 'rIii..iL have lon^ since been lost, they 
tij oaTe b«?«?iL Mtallj :ir..ieq^nAinred with the ftTigfam^ 
•z i-e*. This asaerdoa a «.i3anniied by the abeenoe of 
r^f-r^no*? beinc :nj.«i-? to dieni in ancient histoir, but 
r.ir^J.MiIarlr ^7 th-? SvTipnir*?, wherein the term smob 
A -li-r*! JLiij :> :lie vaptviirs arising from, burning 
: . :Iir br»ia"!i ii.* is^ ir.-ni the mouth and nostrils, as 
-' :.j liir rj.r. LT? IT- ini b«:'ili:2.j: water. Moreorer, 
::* FI0I7 ''Vrit iir i-? trei^^^iendj alladed to, there is n< 
:o lea»i :i-5 to aipr-j-se that its materiality, weight, or 
T ^':•p^^^ties were recognised. Hence, beyond the ini 
woril •• smoke." we mnv conclude that the nature of 
aeriform body di5eriiig from the atmosphere, and 
that of the air itself. wa.< in tht>se days unknown. 

Ga5-lightiag is so intiinately associated with chi 
both in its applioation and progress^ that the histoiy 
the former can only be treated by referring to the lattsi 
ho-nrever. our ob^senratioiLS on these subjects will be 
sarily brief. 

The wor^l chemistry is derirei from tbe Grreek, 
the mv^*eri«>us and dark : and we mav assume that 
science iirsc had its ori^rin in the study of the metalfi, 
which no doubt it was principally if not entirely 
during many ages; and although in Scripture we 
with one or two modem chemical names, we beliere 
to occur from an imperfect translation, as is the case 
the word *' coals,*' found in the Bible, which material 
unknown at the periods referred to. and is in some oonfr^ 
nental languages rendered as *• carbon " or " fuel," or If 
analogous expressions. 

About the twelfth centurv a.d. the idea was entertainei 
by chemists, or rather alchemists — as the name had be» 
altered by the Arabs — that by certain means within flu^ 
ran^^e of discovery, the baser metals, as lead, iron, toi' 
could be transmuted into gold and silver. In due time 4: 
was believed that for so desirable a purpose, all that yntl 
necessary, was to find the " phiLosoi^\ifit^a sloaa," ^loAi 
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when obtained, would confer on its iweaessor not only 
j>ower of transmuting metals, but also oil happiness, hoaJl 
ffLultli, and long life; and, singular as it may now appeaffj 
ftiiiong lliese alchemists who vainly sought so wild 
rliimera, were men of the highest order of intellect, 
who have in other ways vastly enriched our store 
general knowledge. Nor were their researches confined 
the transmutation of metals, but they also extended 
"Magic," by which it was supposed that any desirt 
ol.iject could be attained through supematui'al agency^ 
which could be acquired by study. 

Possessing as thej did the meet implicit faith that suclkl 

inestimable prizes were within their reach, it is not surpris- 

iiig that alchemists pui-sued their fruitless iuTestigations, 

iiii'l experiments, during several centuries with Incredible 

Ki'iil and perseveraace ; which were further encouraged, 

by tlio repeated assertions of many of their class, who 

pretended that they had discovered the long-desired secret 

of transmutation of the metals : whilst one celebrated al- 

(hfmist was stated to havo prolonged his life upwards of 

tliousand years by means of the virtues of his medicines. 

But it is most evident that the primary aim of thesfl 

Mlosophers, or enthusiasts, was based on erroneous founr 

;ion, without the remotest prospect of success; yet by 

.i ir invention of crucibles, stills, retorts, furnaces, and 

■ii.T apparatus employed in the modem chemical lahora- 

IV, they accomplished much good, and their labours 

■ iituaUy of considerable value to science, 
[ji the course of time, perhaps owing to the repeated anj 

■ i.tinuous disappointments in realising their expeetationa, 
iiemists began to extend their investigations to mora 

iiioaal pursuits. Among the earliest and most celebrated 
iJ these was Basil Valentine of Erfurth, who lived about 
ihe middle of the fifteenth centuiy, and who hy many is 
regarded as the founder of the modem science of chemistry. 
After him followed Paracelsus and Van Helmont, In tha 
Korts of Valentine are described the first accurate aa? 
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intolligible directions for the preparations of nitrid^ 
riatic, and sulplmric acids. On producing nitrio 
termed it the ''water" or the acid ''spirit of nitra'' 
was afterwards called aquafortis ; and, when combineii 
muriatic acid, its property of dissolving gold, is m( 
hy that author. 

Paracelsus, who was regarded as a physician of wc 
ability, and is mentioned by Shakespeare in AW» 
Ends Well, was the first to obtain gas by the 
dilute acid on limestone ; but he failed to apprednto' 
importance of his discovery. 

Van Ilelmont was a native of Brussels, and bom in U 
Ho first directed his attention to the studies of 
and magic, both of which were then cultivated as 
branches of education ; but it is needless to say thai 
were alike founded on error and falsehood. Then- 
left in disgust, and subsequently devoted himself i»\ 
study of physics generally, at which he laboured 
the greater portion of his life, but it was not 
after his death that his valuable researches were 
known. 

Among the discoveries of Van Helmont, was the 
of certain aeriform bodies which differed entirely in 
nature from atmospheric air. These he observed 
produced by fermentation, combustion, and the 
acids on limestone ; which he at first called " spirit," a 
then generally applied to all things invisible. In 
his experiments he burnt 71 lbs. of charcoal, which yi< 
but 1 lb. of ashes, and he concluded that the other 70! 
served to form the "spirit." Van Helmont observes, "I 
are bodies wMch contain this spirit of which they 
almost entirely composed, and is therein fixed and 
fied, and are made to leave that state by fermentatioiiiv 
we observe in the fermentation of wine." He rei 
" This spirit, up to the present time unknown, not : 
ceptible of being confined in vessels, nor capable of Ix 
reduced to a visible body, I call l)v ^e nsTf u^oma oi ^ ^ 
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from the earth, have existed from remote ages, and, being. 
attributed to supernatural agency, they were worshipped as 
emblems of the Deity. However, these we now know to oocnr 
from natural causes, arising from coal or other bituminoiu 
substances having been buried by earthquake, or similar 
moans, at such a depth as to be distilled by the heat exist- 
ing in the interior of our globe ; by which the escaping 
gasoB were expelled through fissures of the earth, and 
being ignited accidentally, or by lightning, the burning 
fountain was produced. 

To a similar cause is due the supposed burning spring 
mentioned by Mr. Shirley in the " Philosophical Transac- 
tions" of 1667, entitled, *' A Description of a Well andEarth 
in Lancashire taking Fire by a Candle approached to it." 
In this the author explains that his attention was directed 
to a spring near Warrington, where it was stated that ** the 
wator did bum like oylo." He says, "This boyling I 
conceived to proceed from the eruption of some bituminous 
or sulphurous fumes. Then applying my hand to the 
burning place of the water, I found a strong breath as it 
wore, a wind to blow against my hand. The fumes when 
thoy broke out of the earth and prest against my hand 
wore not to the best of my remembrance at all hot." The 
author thou caused a dam to be made around the burning 
place and the water to be drawn off, when, on applying the 
burning candle to the surface of the dry earth, " the fumes 
took fire and did bum very bright and vigorous." 

Subse(xuently the attention of the Rev. Dr. John Clayton 
was directed to a well in the same neighbourhood as that 
observed by Shirley (near Warrington), and it is probable 
that in both cases the same locality was examined, " when 
after having caused a hole to be dug, on the candle being 
put down into the hole, the air catched fire and continued 
burning." This circumstance appears to have suggested 
to Dr. Clayton the idea of making some experimenttt in 
the distillation of coal, as he says, ** I got some coal and dis- 
tilled it in a retort in an open fire. At first there came over 
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mly phlegm " {Hteam), " afterwards a black oil, and tlie 
ikewise a epiiit " (gas) " arose, wliich I could in no way 
XindeiiBe, "but it forced my lute, and on comizig dose therot 
bo repair it, I observed tbat the spirit wliieh issued on 
Maght fire at the flame of the candle, and continued burr 
ing with violence ae it issued out in a, stream, whicb I bleu 
out and lighted alternately several times. I than filled | 
good many bladders therewith, and might have filled a 
inconceivable number more, for the spirit continued to rii 
for several hours, and filled the bladders almost as faiit i 
a man could have blown them with his mouth ; and yt 
the quantity of coals was inconsiderable. 

" I kept this spirit in the bladders a considerable tim^ 
and endeavoured several ways to condense it, but in i 
and Tvhen I had a mind to divert strangers or friends I 
have frequently taken one of the bladders and pricked 
a hole therein with a pin, and compressing gently tha 
bladder near ttie flame of a candle till it once took lire, ifi 
would then continue flaming till all the spirit was 
pteseed out of the bladder ; which was the more surprising 
because no one could discern any difference between thoa 
bladders, and those that are filled with common air." 

The exact date of these experiments is not known, htrfi 
they are supposed to have been made about 1G90, and ia' 
the account of them we have clearly described the first 
attempts at distilling coal, producing and storing gas, and 
obtaining Hght therefrom. However, many years elapsed 
before these operations were practically applied. 

From the " Vegetable Statlcks," by Dr. Hales, published 
in 1726, we learn, from his "Analysis of Air," that he 
esperimented with innumerable substances in order to 
ascertain the q^uantity of " air" given off by them in thai 
process of destructive distillation, as it is now termed^ 
But it ia evident throughout that he is in doubt whethftf 
this air is similar to that of the atmosphore. Among the 
numerous experiments he states, that in one o^eTttfeQ \ 
obtained 180 eubio incbea of a£r from. 158 grains oiT^al 
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oastle ooal. The apparatus described by ^lim consifits o 
retort made of a mualcet barrel, to wliicb. v&s attad 
pip© bent at an acute angle, the extreme end of vh 
entered the reservoir iinder water. Thus the aii 
in the course of production, forced a passage i 
through the water before entering the reservoir, which i 
a great progressive step in pneumatic chemistry. 

In his remarkable works we meet with the obse 
by Sir Isaac Newton, " All flaming bodies, as oil, talli 
was, wood, fossil coals, by flaming, waste and vanish i 
buruing smoak, which amoak, if the flame be put out 
thick and visible, and sometimes smells strongly, but 
flaming loses its smell by burning, and red hot smoak ■ 
have no other appearance." Here we have a very d 
approach to the knowledge of inflammable gas bei 
distinct and separate body, which to this time i 
understood. That great philosopher Newtoa e 
opinion long before the discovery of oxygen, or the n 
of carbon, or hydrogen, was recognised, that the diai 
consisted ,of combustible matter ; and he suspected 
existence of an inflammable element in water; both 
which opinions have been verified in a remarkable mam 
as the combustion of the diamond is a common experisu 
thus proving it to be carbon ; whilst hydrogen, first j 
duced by Uoyle, is one of the components of water. 

A few years afterwards, namely, in 1733, wo find in. 
"Transactions of the Eoyal Society" a communication 
from yir James Lowther on the inflammable air issuing 
from the shaft of a coal-mine near Whitehaven. The work- 
men were surprised on sinking to the depth of forty-two 
fathoms to find a rush of air taking place, which caught 
fire from the flame of a candle and burnt with great inten- 
sity, making a blaze about three feet in diameter and six 
feet high. Several experiments were made on this flame by 
the steward and others, who Buccesaively caused it to be 
extinguished by beating it down and smothering it with 
the colliers' hata and again lighting it. At lengtii the 
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teat coniTTmnicated by tha flame was found to be i 
inooavemeiit, as it vanned the pit to a high decree, aod'fl 
was neceasary to have recoiiTBe to water in 
gutBh it. After this the gas was not again allowed to lie 
lighted till the sinking had proceeded down to a depth of 
Beveral feet below the bed of coal through whiL*h the gas 
first made its appearance. The part of tho pit at whiii 
the gas escaped was then Beourely walled off, and a tubo 
about two inches in diameter extended up the ehaft to a 
height of twelve feet above the surface of the ground. 
Thiongh this tube the gas was allowed to escape into the open 
air, which it continued to do in undiminished quanti^ for 
several years. Many observations and ezperimenta wecA'i 
made on the gaa which was thus discharged from the asm 
treimty of the tube. It was collect«d in bladders, tied aid 
Eind prMerved for many days. When a small pipe wajM 
fixed in tlie mouth of the bladder, and the gas gentbl 
|B«eBed out against the flame of a candle by squeezing ^fl 
it was observed to take fire, and to bum bo long flfl 
the bladder was gently squeezed and the gas espelled. 
This experiment on gas which had been so confined nearly 
a month was made in the presence of the Royal Society, 
It was stated that when it first issued from the top of the 
tube the gas was as cold as frosty air, and that it would 
Hilt take fire from a sparlt, but required a flame to 
ignite it. 

Here, again, from the cause already mentioned, carbu- 
hydrogen was emitted from the earth, without, 

(werer, conveying any useful lesson. 

InNeumann's " Chemistry," published in 1759, he states 
that inflammable vapours may be collected and preserved 
in bladders, which " after keeping for several weeks a little 
of the vapour forced out near a candle instantly took fire 
as at first," thus demonstrating the permanent nature of 
the gas. 

1764 a communication was made by Mr, Jessop to^ 
Boyal Bodety of London, wherein he related an a 
B 3 
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dent that oocurred to a workman in a mine iu Yorke 
irlio desconded with a torch in his band, when suddenln 
t'xploeion occurred, accompanied by a vibration of i 
earth, and tlio man was soveroly burnt. Various t 
iustaueos are rocorded of these emissions of carbiireB 
hydrogen, which on combining witb atmospheric I 
forms an explosive compound. In modem times t 
accidents are unfortunately of too frequent occurrence. J 

Dp. "Watson, in his " Chemical Essays," publial 
17g7, mentjoas an experiment on the distillation of e 
in which he takes into consideration the residuals G 
obtained, without any reference to the quantity of ' 
Ho aays, "During the distillation there was freqd 
occasiou to give vent to an elastic vapour, which other 
would have burst the vessels employed in the operatioj 
In tho experiment he lost upwards of a third of the yi 
of the coal, and continues, ' ' The matter which is lost dui 
the distiUation of both wood and coal has been called^ 
and it certainly has one at least of the moat distingi 
jiroperties of air, permaaent elasticity, for bladders u 
tilled with it as with common air." He further r 
that the air was inflammable even after it had been i 
to pass through three large vessels of water. 

Hitherto so far as regards gases all had been conjectHI 
for although Van Holmont affirmed so positively their 
existence, yet he failed to demonstrate the fact. Boyle in 
producing hydrogen believed it to be atmospheric air. The 
observations of Shirley and the comprehensive experiments 
of Clayton led to no profitable results. In the numerous 
investigations of Dr. Hales the word "air" only is re- 
tained, and from his description he appears to beHeve that 
in all cases air similar to that of the atmosphere was 
disengaged ; whilst Dr. "Watson states positively that tho 
matter which is lost during the distillation of both wood 
and coal has been called "air." However, it should be 
observed that some eheudsta made a distinction between 
the two kinds of in£anunable air, aa hereafter men- 



IMPORTANT CHEMICAL DISCOVERIES. : 

tiooed in an extract from a work by the celebrated I 

Priestley. 

In Macquer's " Dictionary of Ciiemi&try," puLliBbed ; 
1771, we find inflammable air called ■' gas," adoptee 
Van Hebnont, There it ia ststed, " Gas is a name girenij 
ehemista to the volatile invisible parts whicli escape 
burning bodies." The tenn ivas, however, very tardj] 
admitted into the Engbsh langruage, insomuch as i 
Nicholson's "Dictionary of Chemistry," publiehcd :" 
1804, the original term "inflammable air" is retained. 

We now arrive at the most remarkable epoch in 4 
whole history of chemistiy, when Black, Priestley, Cava 
dish, Rutherford, Lavoisier, Scheele, and others made Ihei 
wondrous discoveries. And we are struck with amaM 
ment when we reflect on the immense knowledge acquire 
by these few illuBtrioua men in so brief a period, whicli 
revealed to us some of the grand secrets of Nature, and 
changed the interpretation of the word chemistry, from 
darkness and mystery, to bght and intelligence. 

From the same source as first proposed by Paracelsus — 
that is from lime by the action of acid — Dr. Black of Edin- 
burgh, in the year 1755, produced carbonic acid gas. This 
he also designated "fixed air," and on examining its 
properties he found it entirely different in its nature from 
atmospheric air : which is the first recorded instance of gas 
being produced with a positive knowledge of its properties 
acquired. About 17G6 Dc Macbride, of Dublin, verified 
the experiments of Black, and ascertained that a portion 
of fixed air (carbonic acid) existed in the atmosphere. 

The following year Cavendish invented the pneumatic 
trough, and studied the properties of the gas (hydrogen), 
first produced by Boyle. 

In 1774 Dr. Priestley discovered the gas oxygen, and 
subsequently ascertained, that it was a component of our 
atmosphere, which was the most important event that ever 
occurred in the annals of chemistry. Scheele about thfl" 
BBmo period made a very similar discovery. 
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limply a desoription of tho 
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pouTfnl forth its numerous popiilation to gaze at and ai 
the woadcrful display of the combiaed effects of ada 
and art." MuvJoch, liowever, Uad many difficultdet 
overcome before he attained the perfection exhibited 
this 0(«asion. hut ho united sound scientific knowledgei 
great practical skill, and hia perseverance enabled hii 
triumph. 

In tliis yoar Lebon, already mentioned, had hia k 
in FortB illuminated by gas, and numbers of peo[dfl 
all classes witnessed it witli wonder and amazement, 
the Bome period Winsor, who afterwards did so mi 
for tho advoucenient of gas-lighting, being at Bra 
wick, saw an account concerning the manufacture 
Lebon's gas for illuminating purjioees, which had b 
road before the French Institute; and, to use his c 
words, employed five years after, "the thought etf 
him like an oloctric shook." Winsor translated the ei 
munication into German and English, which he p 
lished as a pamphlet. Ho also carried out a Berifil 
oxperimonta in conuoction with gas-lighting by distiS 
wood, &c,, before tho Duko Eegent, Charles William ] 
dinand, and his court. And the same year he oami 
England (undoubtedly entirely ignorant of what had l 
achieved by Murdoch), with the intention of carrying 
now enterprise into operation. 

In January, 1804, Winaor first publicly exhibited, at 
Lyceum Theatre, in London, the syst(.im of illuminai 
by gaa. Here lie delivered lectures on the subject, " 

► illuatrated by a variety of interesting exper' 
it them he showed the means of conveying gaa f 

t part of a building to another, and by the employi 

kdifCeient burners was enabled to display the Tai 
a which might be given to its flame. He 
^ very elaborate manner, the various advantoget 

and its superiority over all other j 
% >U of which time and experience have fully coi 
*■ 1802 and 1803 Murdoch erected -wDTta £ox ths au.'g 
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of gas to the promisee of Messrs. Bonlton and Watt 
in 1804 Mr. George Lee, of the firm of Messrs, Phillip 
And Lee, of Manchester, had his dwelling lighted by gw 
in order to test its salubrity, previously to it« adoption 
in the cotton-mills of the above-mentioned firm ; and tht 
following year the mills alluded to were so lighted. Mr. 
Lee's eyideiice afterwards contributed considerably towards, 
overcoming the prejudice whioh existed against gas-ligh^ 
in^, and to demonstrate its advantagea and economy. 

In his paper of 1805, describing the method of lighting 
tiieso mills, which was published in the "Philosophical' 
Transactions" for 1808, Murdoch does not particularly 
mention the process which he followed in making the gaa, 
bat merely states that the coal is distilled in large irofl 
retorts, and that the gas as it issues from them is con- 
veyed by iron pipes into large reaervoirs, or gasometers, 
where it is washed and pxirified, prerious to its being 
conveyed through other pipes or mains, to the mills. He 
describes the burners with some minuteness, which were 
of two kinds — one on the principle of the argand lamp, 
and resembling it in appearance ; the other a cockspui 
burner, consisting of a small curved tube with a conical 
end, having throe circular apertures or perforations about 
one-thirtietli of an inch in diameter, one at the point of 
the coae, and two lateral ones. The gas issuing through 
these apertures forms three divergent jets of flame, some- 
what like a flew-de-lig. The whole of the burners erected 
in tho cotton-mills amounted to 271 argiuids, each of which 
gave a light equal to four mould candles of six to the 
pound, and 633 cockspura, each of which gave a light 
equal to two and a quarter of the same candles. The 
quantity of tallow consumed by each candle was at the rate 
of four-tenths of an ounce, or 175 grains of tallow per hour. 

In his detaUs of the comparative cost of lighting this 
establiahment with gas, as compared with candles, Mur- 
doch's comparison is very much in favout ol "tiife WroiSi. 
TakJBg an arer&ge of two hours pet day QiiOU^'b\A *0o' 
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^■^ar, the expense of candles would be £2,000 per annum, 
^^Vhile the coat of gas, induding every expensa of wear | 
and tear and interest on capital, did not exceed £600 a < 
year. On an average of thi'ee hours per day the com' i 
parisoniH still more in favour of gas, the expense of candlei , 
in this cose being £3,000 a year, while that of gas, esti- 
mated OS before, would only amount to £650. 

During hie experiments, in erecting his earlier appa- 
ratus, Murdoch ti-ied various forms and means of plaoing the 
retorts. The earliest kinds were placed upright, with variouB 
contrivances for extracting the eoko which remained after 
the expulsion of the gas. However, many inconvenieniceB 
attended this, as well as other means of "setting" in which 
the retorts were placed in an inclined position; but in due 
time all the other contrivances gave place to the horizontal 
retort, which is the mode of setting universally adopted 
at the present day. 

About the years 1804 and 1805 we find the subject of 
gaa-lighting taken up by eminent chemists, such as Dr. 
Henry of Manchester, who ably illustrated the mode of 
making gas in his lectures, and showed how readily and 
economically it might bo used as a substitute for oil and 
candles. At this time also we find Mr. Clegg. an able 
mochanidan, also engaged in the same establishment as 
Murdoch, where he entered as a pupil of Messrs. Eoulton 
and Watt, devoting all hig energies to the mechanical 
appliances connected with the Euccessful application of gas. 

Olegg appears to have struck off in tiie same direction 
as Murdoch, and to have embarked about the same time 
in the erection of private gas-worka for cotton-mills and 
other estabhshments. Thus he was engaged in lighting 
the cotton-mill of Mr. Henry Lodge at Sowerby Bridge, 
near Halifax, at the aame time that Murdoch was erecting 
his works at Messrs. Phillips and Lee's miU. Indeed, 
Clegg, jun., states, on the authority of his father's 
journal, that the mill at Sowerby Bridge was lighted 4 
Fortnight earlier, than the one under Murdoch's directioi ~ 
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In the following years, 1807 and 1808, Clegg prooee 
to erect gas-worka at Tarious other mills, also at 1 
Catholio College at Stoajhuret, in Lancashire, where he 
first introduced the system of p^l^iEying the gas from 
carbonic acid and anlphuietted hydrogen, by passing it 
ihroagh lime in a separate vessel. Clegg Grst used lime 
as a porif j-ing agent by placing it in the tank of the gas- 
holder, and applied an agitator to keep it in motion ; but 
the difficulty of removing the saturated material eventually 
led to its abandonment, and the adoption of a separate 
vessel. 

In 1808 Murdoch communicated to lie Eoyal Society 
a very interesting account of the successful application of 
coal-gas to lighting the exteEeive cotton-milla of Messrs. 
Phillips and Lee, of Manchester ; for this communication 
Count Eumford'a gold medal was presented to him. The 
following year Clegg communicated to the Society of Arts 
his plan of an apparatus for lighting manufactories with 
gas, for which he received a silver medal. About the , 
same period he erected a gae apparatus for a manufaft<»]^ 
at Coventry. ^ 

In May, 1804, Winsor obtained a patent for "an im-T 
proved oven, stove, or apparatus, for the purpose of 
extracting inflammable air, oil, pitdi, tar, and atids from, 
and reducing into coke and charcoal, all kinds of fuel, 
wliit-h is also applicable to various other useful pur- 
poses." 

' ' A niet-al, brick, or earthen sieve, oven ref«rt, oi' vessel, 
is so constructed to reduce by means of fire and heat all 
raw fuel of any kind into coke and charcoal, without any 
or little consumption of the fuel, by which operation the 
smoke being extracted from all raw fuel, is thus conducted 
through cold air or water into a condenser, where, after 
being sufficiently cooled and purified, it undergoes a natural 
diemical resolution into tar, pitch, oil, add, ammonia, and 
table gas or air. 

^'The inflammable gas or air may be led in a Gol4 ato.^ 
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Iluou^h tub^ of "TV paper, earth, vood. or metal, to taj 
distacie. in ho^if^:?. nji-jziis. gsrdeae. placee, parks, and 
8t7t«tG >ad oth^r piat^-s . lo pr<xluce ligiit and heat, cpt for 
aay uthvr parp-^e*. sach as fur tncreaEmg and multiplying; 
forte and power." Tiii^ was the first patent obtained in 
eoaaectioo wiUi gu-lightiug. 

BaTin^ this patent, Mr. Winsor described himself ae 
tiw dipeorerer, inrentor, and patentee of gas-hgbting, and 
Agitated the neceeeity of forming a company for its full 
dereh>|«n«nt. so that the streets, shops, and private dwell- 
ings fihould enjoy its adyantages ; bat gas-Iigbting, hke 
orerj othec great innoration, was looked upon by the 
pablic with eicesMve dietrust. In the event of its success, 
eeveral branches of industry and commerce were doomed to 
euSer; many intereets wer^, or supposed to be, at stake; 
some of the chemical properties of gas were unknown ; 
great doubt existed as to it^ safety, and fears as to ita 
salnbrity ; indeed, the danger of exjJoaon was magmfied 
to the eatent that it was as^rted and believed, that a town 
could be destroyed by the explosion of the main pipes in 
the streets ; and interested parties, in order to prevent the 
establishment of gas-lighting, did not scruple to appeal to 
the naval glory of the nation, and this shortly after Kelson 
had ac'hieved Ma great victories. "If," said the opponents of 
the new light — " if this becomes successful, then our naval 
supremacy is gone, for at present we obtain principally 
our artificial light from the whale fisheries : these ore the 
nurseries of otu- best sailors ; therefore, if we destroy the 
ono the other must be affected ; if the fisheries no longer 
exist our navy must degenorate." 

These objections and arguments were put forth fre- 
quently by the joumalfl; and Winsor, who by this time 
had become intimately associated with gas-lighting, and in 
a manner constituted JiiniBelf its champion, met them with 
that extraordinary courage, perseverance, and zeal which 
I » strongly charaeterized him ; but it is to be regretted that 
'"though Hi gentleman of superior intelligence — with the 
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great qualities aJready awarded hi'm — he lacked the ai 
tific knowledge so Gsaential for the fiilfilmeiit of his u 
taldng, and oof ortiinately he was aot aware of this defl-' 
ciency. He boldly combated all possible objections iritli 
imoxampled ardour, but often eommitted the moat egregious 
errors, at one time asserting that our atmosphere in its 
pure state was too powerful, and that a mixture of ctoal- 
gas rendered it more salubrioua ; again, that gas would 
not explode when intermixed with air; and that its adoption 
would puiify the atmosphere ; whilst the prospectus iasue J 
by him contained most extraordinary, exaggerated, and 
fabulous aeoonata of the enormous profits to be derived 
from gas-lighting. All this combined to retard his pro- 
gress, and had he been of a less sanguine nature his tusk 
would have been comparatively easy. These errors often 
brought down upon him the greatest ridicule, in which 
some of the leading scientific journalB took prominent part ; 
but, undaunted, he still persevered. 

At longth, after having struggled during three years 
fiingle -handed, and, as it were, against the opinion of the 
world — having by his letters, pamphlets, and lectures 
proved the advantages of gas — Winsor succeeded, in 1807, 
by means of subscribers, in obtaining a capital of £20,000 
preliminary to the formation of a company; which sum 
was intended to demonstrate the practicability of manu- 
facturing and supplying gas on a largo scale, also for the 
purpose of establisliing a company, and obtaining a royal 
charter. 

He then occupied extensive premises in Pall Mall, on 
the site of the present Carlton Club. On the baaemeut 
were the gas manufacturing and other apparatus to illus- 
trate his lectures, demonstrating the practical utility of 
gas for lighting, heating, and cooking, also its safety and 
salubrity ; the public on certain days having free access to 
take cognisance of the process. From these premises a 
^^,pe was laid in Pall Mall to the comer of St. Jamea*^ 
^|Keet westward, and to the Haymarket eastward, wi^l 
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lamp-posts at short interyals, induding several in front of 
Carlton House, the residence of the Prince Hegent; on 
the 28th of January, 1807, one side of Pall Mall was lighted 
by gas, and on the King's birthday, June 4th, both sides 
wore thus illuminated, and continued so during the sessions 
of Parliament of 1809 and 1810, whilst endeayouring to 
obtain an Act of incorporation and charter ; this being the 
first public street ever lighted by gas. 

The intention of Winsor and his subscribers, or share- 
lioldors, in 1808, was to establish a company, and obtain a 
royal charter or exclusive privilege for lighting all the 
British possessions by gas; for which purpose they pro- 
posed a capital of one million sterling. A memorial was 
accordingly presented to the King, setting forth the advan- 
tages anticipated from the innovation, and the production 
and general employment of coke, praying for the conces- 
sion ; but after the question had been duly considered in 
Privy Council, it was decided that his Majesty could not 
grant the charter of incorporation until a Bill had been 
obtained from Parliament, authorising the company. 

The following year Winsor and his shareholders again 
applied, with more moderate pretensions, to be established 
as the '^National Light and Heat Company," but were 
strongly opposed by Murdoch. On this occasion many 
witnesses were examined before a committee of the House 
of Commons, who proved incontestably that gentleman's 
claim, to priority of adopting gas for illumination. The 
evidence given is of the greatest interest ; and the merits 
of Murdoch caused the application to be refused. 

Amongst Winsor's subscribers were some eminent men 
of the day, and, like himself, of the greatest perseverance 
and zeal. They had already been too familiar with diffi- 
culties to be discouraged by defeat; and again, in 1810, 
they applied to Parliament, and succeeded in obtaining an 
Act of incorporation as ^^The Gas-light and Coke Com- 
pany," with a capital of £200,000. But the enterprise 
was looked upon as so visionary, that it was asserted, this 
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Act was granted in order to make a great oxperiment o 

plan of such extraordinary novelty. 

Tlie royal charter was granted to the company in 18is! 
but the privileges accorded by that charter t 
hberal nor encouraging ; for by it, the company had t 
exclusive right to prevent any other persona or compf 
from entering into competition with them. The power a 
authority granted were very moderate; and whilst 1 
'.ompany were under severe restrictioue, they i 
^ued to the metropoliB, and were liable to have the & 
annulled if they failed to f ulfil their obligation. 

The very prominent part taken by Winsor in establ 
ing gas-lighting baa often been passed over, whilst !; 
errors, the result of a very sanguine mind, hnvo been 
displayed with all vigour, Pecketon only does him justice 
when he aays, ' ' Sanguine in his expectations, indefatigable 
iu hia exertions, and zealous in his cause, he directed all 
iLe talents and energy he possessed to the one great object, 
mid thus achieved much for the pubHe good ; but with all 
his ardour, his skill, and bis exertions, he, like manjt 
others, achieved but little towards promoting his owi 
comfort, or the comfort of bis family." 

The Gas-Ught Company being thus legally estabhehed 
they commenced their operations at a wharf and premises oi 
a part of the site now occupied by the Civil Service Institn-1 
Hon, in Cannon Eow, Westminster ; and there the n 
dustry was left in the hands of chemists, who, however conM 
petont they might have been in their legitimate profea ' 
were void of that mechanical knowledge and ekill so essential 
to their task. Consequently numerous experiments were 
made, at the expense of a largo portion of the capital 
invested ; and the shareholders, who had hitherto shown 
such extraordinary patience so long as the enterprise was 
■jidy in project, now, when tbey saw so much money sacri- 
ficed, and so little done towards commercially realising their 
hopes and expectations, began to lose heart. 

At this period, when the practical application of f 
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I doubtful, the eompany had the good fort 
OB^ge Clo^ aa thoir oaginecr. This geademim 1| 
ttlivady actjuired conaideraUe experience i 
n-ork*. His genius rendered him capable of aurmow! 
the greatest difficulties lie eDCOuntored, and he inaya 
justicti bo aoid to have established the mauufacturei^d 
iimsmucli oa to Clegg we are indebted for the 8 
wet-lime pnrificiitioii ; the hydraulic main, 
trivonce of dip-pipes for isolating the retorts ; t 
or regulator for adjusting the deliTeiy of | 
mains; to wliieh must be added the gas-m 
earliest and most novel form, -which w 
foctod by John Mnlam, aided by Samuel C 
claim our attention at a future page. 

Tfaoae ate the principal parts of the i 
apparatus introduced by Clegg, and which 1 
essential parts of gas manufacture, while i 
trtvauoea of perhaps equal ingenuity and i 
not been successful. Among these are the rotadng^'fl 
wob retort, tlio inferential dry gas-meter, the c 
gas-holder, nnd an apparatus for the decomposilaon d 
tar. A review of his various inventions undoubt 
places the name of Clegg in the very foremost r 
those who have advanced the practice and science of g 
lightmg. 

In December, 1813, Westmiiistcr Bridge was fi: 
by gas ; and in the foUowing year the old oil-lamps t( 
removed from the streets of St. Margaret's parish, WJ 
minster, and gas-lights put in their place ; this bemg f 
first parish that applied for a contract to have the i 
thus lighted. 

In the year 1814, when the allied sovereigns visited ^ 
country, and a general illumination toot plac 
memoration of the peace of Europe, the new light i 
ijroiiglit into reqiiiaition, and exhibited to thousands 
admiring spectators in illuminating a magnificent j 
°*wited in St. James's Fart. This building was by a si 
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eontrtvaace inBtantaneouBly lighted, when ten thousand 
lights burst forth, forming an immense and brilliant foun- 
tain of fire. The following jear GuildhaD was lighted with, 
gas ; and on this oecafiion the public papers teemed with 
cstravagant praises of the new light. Its mild splendour 
wae described as " shedding a brightness clear as eummer's 
noon, but undazzliug and soft as moonlight, altogether, 
forming a magnificent combination worthy the inaugurft* 
tioa of the presiding citizen of the great c-ity." 

After the founders of the gas company had striven 
against and overcome the pre j udicss of public opinion, hod 
Bspended considerable sums in experiments, and incurred 
great losses in carrying the new art to a successful iseua 
—and gas-lighting had become established — this accom- 
plished, and the trade being open to all, there arose rival 
companies in the metropolis, namely the City of London, the 
Sfinth London, or Phcenix, and the Imperial. Other com- 
l^anies were also established, in Glasgow, Edinburgh, 
Manchester, Bristol, Bath, Leeds, Chester, Cheltenham, 
Macclesfield, Exeter, Birmingham, Eoehester ; and such 
wae the rapid progress of gas-lighting from 18H, that all 
the works in these aa in many other towns were in 
operation in the year 1819. 

In 1815 John Taylor obtained a patent for producing 

gas from " any Innd of animal, vegetable, or mineral oil, 

'■'>. bitumen, or rosin, which is, or can be, rendered fluid 

heat or oliierwifle," and in order to purify this gaa 

-:as caused to pass through lime and water, or thi-ough 

''•? acids, 

I Ilia patent was afterwards acquired by a few influential 
tlcmen,when it was practically applied at Apothecaries' 
J and other places, about 1819. Oil gas then began to 
let the attention of some ecientiflc men, who reported 
!.i,vouTably concerning it, as to induce a few companies 
.>U were projected to light some towns in the kingdom, 
■ i:iiistract their works for its manufacture. One great in- 
. .cment for such a recommendation was the comparatively 
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Htnnll napltol stated to lie requirod for the sl^^^^l 
wurks and nituns, on account of the alleged fi^^^^H 
riority of nil gna, ns it was pretended that it yu^^^^| 
sod oven four, times the hght of coal gae ; and M^^^^l 
tli« works uud nioiiia for an oil gaa-works wooU^^^^I 
iiiflhod in n corroeponding proportion. ^^^H 

In 1823, when the north side of London was BuppHes| 
no less than four gaa companies, another, the London M 
Wostaiiustor Oil Qas Company, was projected. !I9 
naturally was the cause of considerable alarm to tha h 
gas oompanica, who reeotped to oppose their riral-a 
petition was consequently presented to the Houbq of Ofl 
mens, in which was described the rise and progress of fl 
Chartered Company, among other points it alluded 
the "prejudices and difKculties they had overcome, I 
Bacri£co8 they had made, together with the hazard ■ 
expense they had incurred in the course of their opa 
tions. from which the public had in many respects ■ 
rived great advantages." The company also particuM 
noticed the great loss and injury sustained by thaiiJ| 
being compelled by Act of Parliament to give up a diaH 
which produced a rental of £15,000 a year, in consequeS 
of a report made by the Inspector of Qas-worltB, ■ 
"W. Congrevo, to the Secretary of State ; by which facn 
that early period the evils of competition wera dew 
demonstrated. 1 

An investigation waa entered into by a committee of ■ 
House of Commons, which extended over several monn 
when, after several scientific and practical witnesses id 
been heard on both sides, the inquiry terminated agAw 
the promoters of the Oil Gas Company, at an expeusJ 
something like £30,000 to the different cool gaa compajji 
of the metropoIlB. It should be stated that among ■ 
witnesses examined were gentlemen who had the manafl 
ment of oil gas-works, and who described the loss aziM 
from them, ond the necessity for employing coal gasa 
order to render their operations remunerative. 1 
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We learn that in 1819 David Gordon olitaiaed a pateni 
for compressing gas into suitable vessels fitted with prop» 
valves, and capable of being carried about, so as to rei ' 
it portable. This contrivance, -wMch can scarcely be callei 
an invention, aa it had been practised by Murdoch man^ 
years before, led to the formation of the "London Port- 
able Gas Company," which had their ivorks established i 
' the neighbourhood of Clertenwoll, from where they issued 
the gas compressed to thirty atmospheres, supplied in eopp» 
receivers of tiie capacity of about two cubic feet each. 
However, after carrying on business some time, it wu 
found that the scheme would not answer, and the company 
was ultimately broken up. About the same time Professor 
Daniell was engaged in an unsuccessful attempt to make 
gas from resin. It is said that his apparatus was highly 
ingenious, but on trial, the project waa soon abandoned, 
fecnn its inability to compete with coal gas. The Act for 
lighting Bristol with oil gas was obtained aa late as 1823, 
in spite of the warnings of several eminent engineers that 
the project would prove unEuccesaful. The truth of these 
warnings was amply confirmed in the course of a few yet 

Paria waa first lighted by gas in 1820, and although- 
previouely strong prejudices existed against the project, . 
yet, when accompHshed, it produced a corresponding enthu- 
siasm ; aad, to give an instance, a French author of th» 
period, writing to a friend, describing the new light, f 
" where gas-light exists there la no night ; where gas-light, 
is there is continuoua day." He also mentioned, in the.' 
most glowing terms, the transcendent beauty of the ladies 
as seen thereby. 

Gaa companies increased very rapidly, but generally with 
very small capitals, aa in towns of 20,000 or 25,000 inha- 
bitants in some instances, the capital did not exceed £5,000; 
and in 1829 there were no less than 200 gas companies 
established for lighting various towns in the Uniteii 
Kingdom. 

The Imperial Continental and the European Gas Com-. 



nismtifAL sKETcn or cas-lightdjo. 

iIm wen establuhofl about 1835, and inBtrDmenld 
lablUkiBg tlie former iras Sir W. Coogreve, the iu 
k pw-worlw- 

SVa now como to tbo period in the histoi? of f 

bg: wlitm a ruiuoua system of rivalry existed amongi 

18 ; (inil when we lonk back and coneider tbe U 

) at a loss to asBigii any roaaon for such ext 

o(«odingii ; inasmucli as for many years there yi 

1 rotnponioa that paid their expenses, whilst mttaf 

n tho brink of ruin, yot this did not detor the formal 

milnr enterprises. Taking as example the v 

Kilifi, the Imperial Company from the date of its font 

' for years never realised one shilling profit. The i 

obeervations apply to the Phcenix and the City of L 

which were all in operation before 1819, and only a 

Chartered, earned very moderate profits. StUl, in iJ 

of these foots, the London, Equit^blo, and South Keti 

litan Companies were all established about the same p 

to oppose existing enterprises, with, during many j 

the worst results; inasmuch as the two first-ment 

undertakings, struggled for nearly twenty years i 

earning a dividend, and only at tlio end of seven years ( 

they commenced operations, was the South Metropt 

remunerative. 

The effects of that competition are almost incrediM 

. within our knowledge, in districts whore there were i 

mtending companies, the unscrupulous gas consumoi 

i they pleased. Thus when the supply ^ 

1 account of non-payment, a mere nominal deposit 

Bioient fo induce another company to take the ligj 

uitil eventually the "services" of the three companiea 

taohed to the premises; when in some cases the 

r took advantage of this, and the secrecy ohserve 

Ehe rival enterprises, and had his premises I" 

s without paying either company. 

At that time conoeasiona of every kind wero mad 

■•onsumers in order to obtain their custom, sometimei 
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L pennitting one or more lights to be supplied witli 
■ chai^; or alterations in the fittinga would be done gi^^ 
tuitoufily by the company ; and often gas was supplied at 
one-third of tho proper scale. Frequently a melor wonld 
bo placed on premises, and a fortnight after a rival com- 
pany would supply them by contract. In short, such \i 
the spirit oi opposition, that it reached to the point of ^ 
personal animosity among the directors and officers of llwfl 
rival undertakings. 

Nor was this ruinous system tho only source of loss to ■ 
company, but in addition to this, in consequence of t" 
hurried manner in which the mains were generally lai<^ 
together with the alterations in old and construction of new 
Bewera, and the frequent changes of services, escapes of 
considerable importance existed in several parts of London. 
And wherever there was opposition, the officers of each 
wiiapany laid the reaponsibihtj on its rivals, and often only 
when the parish authorities insisted, and made their com- 
plaints to the boards of the respective companies, were any 
attempts made to remedy the evil. But more surprising 
still was the fact, that in the event of a leaking being 
discovered on the main of a company, at times, it was attri- 
buted to wilful damage on the part of the workmen of the J 
rival undertakings. 

For years that stupid competition existed, which couldl 
have been easily avoided by some show of conceding o 
tlie part of the directors of either of the companies ; 
only to a misguided obstinacy by those in power, 
duo tho loss arising from such ruinous proceedings, 
position commenced from the first establishment of ( 
worts, sometimes between coal gas companies, i 
instances between oil and coal gas. The latter, howevel 
terminated before 1 829. Fortunately in tho United King- 
dom this competition is very properly at an end, with the best 
results both to the public at large and gas undertakings ; 
and wherever it exists, it is to the interest of all the parties • 
coacemed to bring about a reconciliation, and eith 
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amalgamate the opposing companies, or to let each possesB 
and supply a separate district. 

During the last fifteen years gas has become very exten- 
sively applied for warming dwellings and other localities, 
for heating baths, for cooking and numerous other domestic 
purposes, as well as to obtain motive power, all of which 
will have our attention so far as space permits. We will 
also endeavour to present to the reader all the most im- 
proYcd methods of manufacturing gas, with a description 
of the apparatus employed, and the most approved meani 
of distributing it. 



THE CEEMISTRY OF GAS-ZIGSTiyO. 

ry, Organic and Tnorgsnic— TheElemenlaof ChemiBtry— 

'l — inalj-aiB— Decompoeition — Gases— Teala — OiyKcn— < 

gen — Nitrogen — Cflrboa — Suliihur — Affinity — SymlKl*— « 

mlnmng Proportions — Formula. 

Operations of tlie gas engineer or man 

V 80 intimatelj associated with chemistry as to render a 
partial inowledge of that science — at least so far as regards 
the gasea he has to treat with — of the first necoaaitj. It u 
therefore intended to give a very "brief outline of it, which 
we trust may engage some of onr readers to enter into the 
study of the subject. 

Chemistry is the science which teaches us the composition 
of all materials, and the laws regulating the combination 
of the elements of which they are composed. For the pur- 
poses of study it is usually diTided into two branches, viz. 
or^nic,and inorgania chemistry. 

The first branch relates ia STery living object, from tha^ 
largest being to t5ie small eat animalcule ; likewise all vege- 
table life, from the most stupendows tree to the minutest 
trace of vegetation. Those, haying organs of vitality, 
are with much propriety called organic bodies. The other 
class, which consists of inanimate objects, which neither 
live nor die, having no such organs of vitality, are called 
inorganic bodies. 

All organic and inorganic bodies, constituting everythin] 
accessible to man, consist of, or are composed of, about 
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Bixty-four eimple subBtances, called elements, which axe 80 
named because they cannot by any known means he 
decomposed, that is, resolved into simpler kinds of matter. 
Tlicso elements combine with each other in certain rdatire 
proportions, and form substances called compounds. 

Of the elements, about fifty belong to the clascfof metalfl, 
as iron, gold, copper, lead, tin, &c., the other fourteen, more 
or less, are of very dissimilar natures ; but those elements 
which immediately interest the gas manuf actureir are few 
in number, being only five, viz. oxygen, hydrogen, nitro- 
gen, carbon, and sulphur, which are of the greatest 
importance on account of their vast abundance in nataze, 
because ono or more of them exist in almost every sub- 
stance or compound, whilst they all enter into the formation 
of coal, and therefore influence the manufacture, distribu- 
tion, and combustion of gas. 

To render the combination of the elements and the forma- 
tion of the compounds intelligible, we may compare the 
chemistry of our globe to a language having about sixiy- 
four letters, each of which letters may be considered to 
represent an element. 

A letter in a language resembles an element in chemistiy, 
inasmuch as neither can be reduced or decomposed into 
anything less than itself. 

Letters combine in various manners and wa3rB to fonn 
words ; so the elements combine in a similar manner to 
form compounds. 

The nature of the word is dependent on the letters com- 
posing it, and on thoir disposition; so in chemistry the 
nature of the compound depends on the composition and 
disposition of its elements. 

And to continue the comparison, the five elements named 
may be compared to the vowels, without which no word 
can be formed ; so few compounds exist without the pres- 
ence of one or more of these elements. 

Hence these letters in unison form the words which 
combined constitute a language ; and the elements form th€ 
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mponnde -whicli compme the eEulh and oU that is on tin 

face. * 

?he elements whicli comprise a substance or compound 

la discovered by employing means to separate them from 

1 other, which process is called decomposition, and is 

la hasia of ^hat is termed a»alt/iit. This decomposition ie 

y frequently effected by the application of heat ; thus 

) black oxide of manganese, a natural compound, an 

n of two elements, the one a metal called manganeeo 

I the other oxygen, when submitted to a red heat in a 

tort ifi decomposed, part of the osygen being separated 

expelled as gaa, whilst b. lower oxide of manganese is 

a the retort. Here it is obvious that the oxygen now 

sting as gas must bave formed part of the solid pre- 

aly to the compound being espoaed to the heat, and if 

f" the solid be weighed before and after the process, the loss - . 

of weight by the separation of the oxygen will be foua^d 

to be considerable. *| 

in, with limestone, a compound of three elements, j 

eaibon, oxygen, and calcium, or lime — some descriptions of 

which have almost a fiinty appearance— on being exposed 

for a time to a great heat, as when intended for building 

purposes, loses about from 35 to 40 per cent, of its weight, 

whiob is driven off as a compound gas, consisting of carbon 

and oxygen, and called carbonic acid. The residue, 

dqjrivGd of those, is entirely altered in its nature, being 

no longer the hard rock, but lime, which crumblea to dust 

on exposure to the atmosphere. Hence the carbon and 

oxj^en, which now assume the gaseous state, must 

previously have existed as a. aoUd composing part of the 



The decomposition of coal by heat, as in the manu- 
facture of coal gas, is entirely a chemical operation. Coal, 
as already observed, contains all the five elements named, 
and the result of the decomposition is that the greatest 

rtion of the hydrogen and the volatile carbon are e 
d as gas ; a portion of the oxygen and hydrogen fo« 
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■ ^])t idtregisii, wlOi & pDztico of hydrogen, cotutitiij 
11 portian td tlte sulphur and hydrogen comja 
the impnrirr sulphuretted hydrogen; another porta 
of BU^ibiiT osites idth carhon, and produces the trouh 
eaxtif impsnty called HsolpMde of carbon, or enl ~ 
campponAs in " other fonns." The tar is a compound 
envnl d these cQemeiits ; and the coke left in the ret 
is fixed eaAon, inUEmized with earthy substances i 



Water ia ooi y ed. If mmfU-, at one of hydrogen a 

right of oxygen ; by means of voltaic electricity, it n 
be dMiMcposed into its two oomponent gases, the one h^ 
liberated at v^hal i$ called the postive pole, and ^le oA 
at the negative pole of the battery. These gases, wi 
colleotod. are found to be in the exact proportion, iy vobi 
of two (rf hydrogen to one of o^gen. If we, therefo 
talt« into ootidd»«.tion their respective weight and volmi 
oxjlges is found to be sixteen times heavier than hydroge 

Now, if the gases produced from the decomposition C 
water be pkoed in a strong vessel, say a eoda-wa 
bottle, so as to fill it, and in the same proportions ti 
they were ]i1>ei«t«d, on a lighted match being appliecl 
the mouth of the bottle, an explosion with a loud rep 
takes place ; the two gases ignite, and at the same n 
re-unite, forming water, which bedews the side of : 
bottle. 

Thus we find by the first experiment that water is resot 
into the two gases of which it is composed ; and by ■ 
second these again are converted into the liquid fon] 
strittiDg iUustrationa of the truth of chemistry, Thii 
but one of the many instances where a substance can ^^^ 
decomposed and afterwards again caused to assume its 
former state. 

From the ijregoing illustrations it is manifest that 
osygen enters into the composition of solids, as when it 
comprises part of the oxide of manganese,' and limestone; 
that it is a constituent part of water; and that when 



THE NATiniB OF CASB5. 



1 



B@]^arated from its compounds it exists only as gas. Most 
elements enter into tlie three different states of a^regation 
— the solid, the liquid, and the gaseous state. 

Goaes are permoaently elastic fluids ; Tapour. or steam, 
convey to us the idea of the bulk of gas. But these by a 
diminution of temperature condense, and become liquid ; 
whereas gases, under all ordinary circumstances, axe per- 
manent in their state. Smoke issuing from a chimney or 
elsewhere is a misture of several gases combined with 
vapour and small solid particles of carbon, called soot. 

Oases are of various kinds, and very dissimilar in their 
properties ; and, although generally invisible, the chemist's 
art teaches him to diatinguish the one from the other with 
the greatest certainty, so as to render them as palpable 
to the mind, if not to the eye, as the different solids which 
surround him. Each description of gas has some dis- 
tinguishing characteristic, such as weight, odour, colour, 
power of extinguishing fire, or of supporting its combustion, 
or the manner it acts on particular substances, caUed tests, 
signifying testimony. 

These testa are subBtanoea which are known to change 
in their appearance and nature, in a peuiliar and character- 
istic manner, when exposed to the action of certain gases 
or liquids. Thus an impurity in coal gas called sulphu- 
retted hydrogen — a compound of sulphur and hydrogen 
— when allowed to act upon a piece of paper saturated 
with the acetate, or sugar, of lead, the paper immediately 
becomes blackened, and ultimately assumes a metallic 
appearance, occasioned by the sulphur of the sulphuretted 
hydrogen, entering into combination with the lead, which 
was previously in union with the acetic acid. 

Hence the acetate of lead is one of the substances 
acted upon by the impurity in a perfectly understood man- 
ner, and is, therefore, selected as a test for sulphuretted 
hydrogen. A very general test for discovering the presence 
^gf adds or alkalies is litmus puper ; which in its natural 
^Kita is blue, but when treated with the least quantity of 
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a weak yegotable acid, such as vinegar, becomes red, i 
this when acted upon by an alkali resumee ita fon 
blue colour. The test generally used to detect the p 
cnce of ammonia is turmeric paper, TFhich is of a peoa 
yellow colour, but becomes brown when submitted to 
action of that compound. There are, however, ser 
kinds of tests ; amongst them is the method of ascei 
the presence of certaiu gases by means of absorl 
which cause them to become fixed, and to assume aliq 
or solid state. 

With this introduction we will consider the pro] 
of the five elements named, and afterwords their eon 
tion in forming coal gas and ita impurities. 

Oxygen. — This is by far the most abundant element 
nature, and in its gaseous state forms more than one-f 
pai't of the atmosphere by which our earth ia surroi 
As a liquid, in union with hydrogen, it constitutea 
weight eigiit-ninths of all water ; as a solid, it is a port 
of innumerable organic and inorganic bodies; and 
estimated to form about one-third of the mineral cmal 
our globe, 

When free, that is when uncombined with any o1 
element, oxygen exists only as a gas, and this occurs eil 
when it is emitted by the leaves of plants or vegetatii 
when by the agency of man it is separated from o 
elements with which it ia in combination, and formi 
certain compound or substance. The element in quel 
is the support of oil animal life and combustion, 
possesses very peculiar properties; for instance, a 1 
which bums in air, when it is immersed in oxygen 
bums with vastly increased splendour; thus the wi 
of a recently extinguished eandlo, having the least p 
red-hot, when inserted into a jar of this gas, ia 
mediately re-iighted; and a piece of charcoal with 
smallfist point ignited when so treated burns with gri 
brilliancy. 

Oxygen gas is inodorous, colouiless, aui na^kut tsaT 



itan air ; and it may be f enned tie aerial food of anln 
life, for at each respiration a portioa of it intermixed wMj 
nitrogen, composing what we term "air," is received i 
the lim^, which after acting on the blood is ejected, beL 
partly converted into the poisonous compound, cai' 
acid gaa. 

It 18 almost unneceasary to observe that oxygen o 
other element, can only be obtained from a compom 
which pOBseeses it, and by adopting roeana to separate ii^ 
from that compound. Thus chlorate of potash, red oxide 
of mercury, and black oxide of manganoEe, in conmion 
with many other aubatances, contain a large q^uantity of 
oxygen, which is easily separated as a gas, by means ott 
beat. 

For example, red oxide of mercury is a mixture of o: 
gen and quicksilver, in the form of a red powder ; and if £ 
few grains of this be placed in a test-tube and I " 
the flame of a lamp or gas-burner, the heat expels 1 
oxygen as a colourless gas, leaving the q^uicksilver in i 
fluid state. This is decomposition, and was th 
employed to obtain oxygen by its discoverer. 

But a more economical manner of obtaining this g 
is by taking a (jnantity of black oxide of manganese, 
of which one pound will evolve about 1,400 cubic inches 
of oxygen, placing it in a cast-iron retort, and distilling 
similarly to the distillation of coal for the production of 
gas; the oxygen gas can Iw collected in a gas-holder or 
other vessel for use when required. One ounce of chlorate 
of potash, by careful appHoation of beat, will afford about 
two gallons of oxygen. _ 

Hydrogen. — ^This element is also very abundant, but doea 
not exist free or uncombined in nature. It is a constituent^ 
of all animal and vegetable substances, forming by weight 
one-ninth part of water, and ia a portion of moat com- 
bustible bodies. Hydrogen gas is colourless and tasteless, 
w- md when quite pure is without odour ; it is inflammable 
^^^£a Lgauing from an orifice and intermixing with the 
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atmosphoro, burning with a. faint violet colour, ^nn^ 
great heat, but very little light. 

Tliis gas is the lightest substance in nature, being a lit 
more than one-fifteenth part of the weight of air. It ia I 
invariable component of coal gas, both in a free atate a) 
in combination with carbon, such oa light carborett 
hydrogen, or marsh gae, olcfiant gas, or other vapooia 
carbon combined with hydrogen, and called hydro-carhffl 

Hydrogen for perfect combuistion requires eight times 
weight or half its volume of oxygen, as already demi 
etrated by experiment, the result of the comliuBtioii bea 
water. In every case wherever artificial light ia ohtain 
by burning oil, tallow, gas, petroleum, or other analo) 
Bubstauces, this production of water ia continually 
place, arising from the hydrogen composing port of 
material consumed, uniting with the oxygen of the ati 
sphere ; and the water ia distributed as vapour in 

icality wherever it ia produced, unless means be emplo; 
.0 condense and collect it. Whenever gas-lighta are bun 
I shop or in an apartment without proper ventilati 
vapours are condensed on the cold glass window, 
nconvenience which is familiar to all ; or a bottle of c 
water brought into a room where several lights are bi 
is speedily covered with a dew, caused by the condenaat 
of the vapours by the cold water. 

A simple way to obtain hydrogen gas ia by passia 
slow current of steam through a small iron tube of ab 
an inch in diameter, looaely filled with iron borings ; 
tube with its contents is placed across a suitable fumi 
or blacksmith's forge, and heated to bright redneaa ; wJ 
the steam on passing, is decomposed into the two elema 
of water, namely, oxygen and hydrogen ; the oxygen ct 
bining with the iron forming the oxide of iron, wl 
the hydrogen gaa is set free and can be collected ii 
holder. 

Another convenient method is by putting a few pi« 
of zinc into a glass vessel, and pouriiig on thorn a mixt 



of one part of suipimric acid and four or fivo parts 
water ; the gaa then riaea in bubblea. In this csperimeal 
the zinc unites with the oxygen of the water, and siibi 
sei^uently with the sulphuric acid, and the hydrogea i 
liberated. 

Thus hydrogen exists in solids forming part of nnipi all 
and vegetable substauces ; in liquids as a component of 
water, and con be obtained in its gaseous state by decont* 
posing its compounds. 

Nitrogen. — Tim element is so colled from its being the 
basis of nitric acid "and nitre, and is aometimea na 
azote, from its incapability of sapporting life. 

Nitrogen constitutes nearly four-fifths of the air 
breathe, and serres to temper tho effects of the oxygea^l 
which, if breathed alone, or even when in moderate esce«( 
of the proportion stated, would be too energetic. It is alaa 
a component of aU animal tiaaues, muscles, &c. 

Nitrogen gas is slightly lighter than air. It has neitiier 
colour, taste, nor smell ; it does cot support combustion nor 
respiration; and is characterized by its negative properties 
rather than by possessing any inherent poisonous qualities, 
such as are peculiar to carbonic oxide, or carbonic acid, as 
hereafter mentioned. Nitrogen is of interest to the gas 
manufacturer on account of its influence on the combustion 
of gaa, also because it ia one of the components of the m 
alkali ammonia, which is always generated during thefl 
distillation of coal in making gas. I 

In order to demonstrate the composition of atmospherioB 
air, let ua take a cup containing a small piece of phoaJ 
phorus, which is placed in a dish of water. The phosphonui" 
is then ig^ted, and the cup covered by a bell-glass or a 
glass shade, the mouth of ivhioh is immersed in the water. 
The phosphorus, in burning, combines with the oxygen of 
the air enclosed in the glass, producing phosphoric acid, 
and when all the oxygen ia absorbed by the phosphorus, or 
has entered into the fresh combination, thft ■^^Qa^VoTM. 
masea to iiim in tie absence of oxygem*, ^e'^n.'teim'Osia 
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meantime, by tho remoml of the volume of the osyg^n, 
aHTondB in iho gkss. The gas undomeath tho bell after 
tho ijperution, is nearly pure oitrogen, and the bulk will 
foiuid to bo dimiuishod about oite-&fth; thi^ decreaw 
volumu being due to the abaenco of tho oxygen wfa 
(orm<7rly uxistod in a gaseous state and has entered into 
composition of the flakes of phosphoric acid ; thus &g 
illustrating how a gas can enter into tho formation of 

Carbon. — ^Thia is likewise one o£ tho most abondi 
elements, and is extonsiyely distributed in nature as a o 
stituont of all animal and vegetable bodies. It existi 
the mineral kingdom in various forms — very largely in 
state of coal. It also enters into the compositioii of te 
earthy bodies, aa, united with lime, it forma marble, chi 
and limestone. Tho diamond, although unlike any of 
substances named, is pure carbon, and is about three an 
half times heavier than water. 

Tlio carbonaceous incrustation in retorts, the soot { 
duced by the imperfect combustion of oil or gaa, lampblt 
and charcoal, ore all carbon, moro or less impure. 

Under ordinary tempcraturoB, carbon has no affinity 
oxygen, r.or is carbon afFeoted by heat, unlesa oxygen 
present. Thus the diamond remains unaltered in the 1 
test furnace if that body is escludcd; but if oxygen 
present it will combine with it to form carbonio acid, I 
comparatively low temperature. 

The combustion of carbon in air, or oxygen, prodn 
light, more or less brilliant, according to the degree of li 
to which it is raised. 

Carbon is never found alone in the gaseous state, 
several gases have the power of combining wili it I 
conferring on it that property ; but as soon as the tx 
binations are destroyed by the abstraction of the otl 
gaseous body the carbon again becomes solid — i 
miportant property, which requires especial attention 
flfflmection with the combustion of gas. 
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Sidphw. — ^TMs exiats in large qutmtitiea innature, form- 
ing part of tke ores of copper, lead, mercury, Bilrer, and 
other metals. It also issues from volcanoes Jn the form of 
gases in great abundance, and ita solid state is well known 
under tlie name of brimstone. It is found in combination 
with coal, as indicated by the bright metallic lamiutc which 
intersect it ; these being chiefly a compound of sulphur 
iron. Coke, even after having been submitted to a very 
protracted and high heat, still contains a portion of sulphi 
giving rise to the noxious odour occasioned by burning it 
in confined places. A highly volatile compound of sulplii 
and carbon, namely, the bisulphide of eoibon, is produced 
in the distUlatioa of cool, by the combination of a certain 
amount of sulphur with carbon. 

The peculiar, disagrBeablo odours of many of the com- 
pounds of sulphur are familiar to all, and ore the moat 
troublesome of all the impurities of coal gaa, the econo- 
mical removal of which has until very recently defied the 
iskiU. 



Combination op the Elements. 

Having briefly given e description of the varioua elements 
in chemistry which immediately interest the gaa manufac- 
turer, wo will now enter on tlioir combinations to form coal 
gafi, its impurities, and the results of ita combustion. 

By a law of nature all elements have, in theu 
minute particles or atoms, an innate attraction for certain 
others, with which they combine and form compounds. 
This by chemists is called afBnity, and by this law of 
affinity, oxygen and hydrogen combino and fonn water — 
and by the intervention of the electric spark, 
these gases imite to compose tiiat liq^uid. By 
carbon combines with oxygen, producing carbonic oxide 
and carbonic acid. As already observed, sulphur combines 
with hydix)gen, and the result is sulphuretted hydrogen.- 
Nitrogen combines with hydrogen, and ammoma ^b 
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duced. And liy the action of tliis affinity all the Tiirij 
oompounda, or aubstanees in nature, are formed. 

For the sake of brevity and general elucidation, ohem] 
have deviaod a very simple means of describing compoun 
and at the same time to express their constituent and giiJ 
titive parts, For this purpose, instead of writing' or nami 
lie elements in full, abbreviatioHB aro employed, whichi 
frequently the capital initial letter of the element to 
expressed ; or when there are two or more with the bb; 
initial, then a second small letter is added to make 1 
requisite distinction. In those under notice the inil 
only is employed, thus — oxygon ia expressed, 0; byd 
gen, H ; nitrogen, N ; carbon, C ; snlphur, S [ -which I 
called the symbols of their reapective elements. Of eou] 
all the other elements have their corresponding symbols 

"Whenever elements combine with each other it is oi 
in a particular and definite manner, which is called fli 
combining quantities or proportions, and this oecnra 
weight and by volume, which bear a direct relation toes 
other. Those under consideration combine by weight 
the following proportions, or their multiples ; — 

11^ These numbers are called the equivalents of th 
[respective elements. 

When gases combine it ia always by measures, whi 
bear a simple relation to each other in the following pi 
portions: thus, hydrogen combines with oxygen in 1 
proportion of two volumes or bidis of the former with o 
volume of the latter gas ; hydrogen and sulphur in li 
proportions ; nitrogen and hydrogen in the proportion 
^ one to three. 

L S%e chemical expression, or, as termed, ioTowla., of t 



Oxygen 
Carbon. 
Bulphor 
Nitrogen 
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composition of water is H, 0, signifying two atoms or 
equivalents of H (hydrogen) combined with an atom of 
(oxygen). As already stated, hydrogen constitutes by 
weight one-ninth part of water, and by volume two-thirds ; 
whilst oxygen by weight constitutes eight-ninths, and by 
volume one-third ; giving a simple illustration of the com- 
bining proportions by weight and volimie. 

In order to give examples of the combination of the 
ddments to form compounds and the formula employed: 
— One equivalent or atom of carbon combined with an 
atom of oxygen form carbonic oxide, expressed by the for- 
mula C 0. One atom of carbon with two of oxygen, 
expressed C O^y constitute carbonic acid. One equivalent 
or atom of nitrogen with three atoms of hydrogen, formula 
N H,, produce ammonia. By these means the various 
compounds of gases are formed and expressed. 



CHAPTEE ni. 

THE COMPOSITION OF COAL GAS. 

Constitaonts of Crude Gas— Olefiant Gkis — Acetylene — Benzole-* 
Various Hydro-carbons — ^The Diluents — light Garburetted Hy- 
drogen — Garbouic Oxide — Impurities — Ammonia — Suljto . 
retted Hydrogen — ^Bisulphide of Carbon — Other Oarbo-sn^iir 
Compounds — Composition of London Gas. 

As alroady observed, gases are permanent elastic fluids; 
but coal gas differs in this respect, inasmuch as it is a com- 
pound of permanent gases intermixed with bydro-carbosi 
vapours, or compounds of hydrogen, with the vapours of 
carbon in various proportions ; which are capable of being 
condensed by diminished temperature, or absorbed by 
chlorine, bromine, sulphuric acid, and other substances. 

Chemists have defined crude coal gas to consist of 
three constituents, namely, illuminants, diluents, and im- 
purities. The illuminants are certain condensable hydro- 
carbons known as olefiant gas, acetylene, benzole, pro- 
pylene, butylene, naphthaline, and other compounds of 
carbon and hydrogen. 

The diluents are marsh gas, hydrogen, and carbonic 
oxide. The impurities consist of sulphuretted hydrogen, 
ammonia, carbonic acid, bisulphide of carbon, and other 
carbo-sulphur compounds ; and, as shown hereafter, small 
quantities of aqueous vapour, oxygen, and nitrogen gene- 
raUy exist in gas. 

The various methods of analyzing gas, in order to deter- 
mine the presence of these compounds, \a\>e^QiiA^^ olb^oct 
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s work, ttlthoTigli a passing reforence is mode to then 
Wo will, therefore, confine our obsfrrstion 
S' to those points Tpliieh are of the most interest to thi 
^iractical man. 

Tee IiiiTMixAXTB. 

Olefiant gas, or oil-making gas, is so named on account ol 
its forming' an oil when combined with chlorine or bromio^ 
and 13 called the oil of the Dutch chemists, as it ■ 
produced by the members of a scientific associatton i 
Holland. Iodine also abeorbs olefiant gas abundontlj, as 
forms a white crj^tallino substance which melts at 180"^ 
and may be sublimed if air bo not present Olefiant g 
(Mntaining double aa much carbon as the light CQrburett«4 
hydrogen, bums with much greater brilliancy, and gireA 
out a TSry superior light. Its density is -981, and tha 
weight of 100 cubic inches 30-57 grains. 

Olefiant gas when pure is colourless, its odour is \ery 
slightly ethereal, it is sparingly absorbed by water, and 
bums with a brilliant white fiame producing much smoks. 
When mixed with tM-ice its volume of chlorine and set oa 
fire in a tall narrow jar a brilliant flame descends rapidly, 
muriatic arid being formed, and carbon smelling strongly 
of naphthaline is separated. 

Thia gas may bo obtained by mixing alcohol with five o 
six times its weight of sulphuric arid in a glass retort, 
when, by the gentle application of heat, the gas distil* 
over, which may be afterwards purified from carbonic acii 
by agitation with a solution of caustic potash. 

Olefiant gas is combustible and explosive, under similar 
rircumstances to L'ght earburetted hydrogen, requiring, 
however, two Tolumos more oxygen, and is decomposed by 
passing it through a tube heated to bright redness, when 
a deposit of carbon takes place, and the gas becomes con- 
verted into light earburetted hydrogen. If the operatioa 
bo performed with increased heat, the whole of the caxbott 
^^Iftpositodj leaving- the hydj-ogen free. This i\l.il&tto.tfift 
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very forcibly tho deterioration of ooal gaa by the deporiitf 
carbon in the retorts, and to wliich tho attentioii of fl 
reader is especially directed. 

Acetffletie. — According to Dr. Franldond tliia is a cola 
less and transparent gas, having a peculiar 
unpleasant odour ; its specific gravity is slightly less ti 
that of air, being -920, or just 13 times heavier t 
hydrogen ; it is tolerably soluble in water, and bums ^ 
an intensely luminous flaino. Acetylene, when add< 
chlorine, explodes by the action of diffused daylight e' 
but espeoially of the diffused electric light. This explcflj 
is attended with a very slight report, but with the ( 
tion of a large quantity of carbonaceous smoke. 1 
experiment is reversed, and chlorine added to the a 
lene, then the explosion takes place immediately, e 
perfect darkness. 

Acetylene is a constituent of cool gas, and is p- 
never absent from that gas. It poBsossos the pecnliai 
of producing a red precipitate when brought into ooni 
with subehloiide of copper, forming acetylide of c 
This acetylene may be produced by a variety of j 
The one which, perhaps, most interests us, as being 4 
from which possibly the acetylene in coal gaa is deri^ 
consists in applying a very high degree of heat to i 
gas. Marsh gas, if heated much higher than when S 
ignited in atmospherio air, is transformed into acetylfl 
That it does not suffer this transformation when bui 
atmospheric air we know from the hghtless flame whiu 
gives. Acetylene is an illiitninant of a very high poJ 
and it is not improbable that wlieu atmospheric air it 
viously heated for the supply of the marsh-g'as ; 
acetylene is produced, which forms the illuminating i 
gredient in that flame under such circumstances. 

The next illuminant, which also belongs to a different 
family, is benzole. This is contained in coal tar, also in 
coal naphtha, which is distilled from coal tar. 
limpid, colourless liquid, nhieh refracts light atrongla 
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Bolidifiea at the freezing point of water, and boils i 
. 177° Fah. A largo quantity of this vapour can, therufore, I 
be taken up by the diluents in coal gas, as when hydrogen I 
gas is passed througfa. a £ask containing this liquid. 

The hydro-carbons existing in coal gas, among which ora-l 
bntylene, propylene, and naphthaline, are classified hj \ 
ohemists into no less than twenty-two different kinds, 
which vary respectively in the quantity of the two elements 
entering into their formation. Further reference to them 
is not necessary, as it requires a high degree of skill to J 
manipulate with them. 

The Dihtehts. 

Light carlurrited hydrogen, or marsh gas, is a compound I 
of carbon and hydrogen, in the proportion of one atom of 
the former to four atoms of the latter, ite chemical formula 
being H^. Tliia compound constitutes the inflammable 
fire-damp of coal-mines, where it is generated sponta- 
neously ; it also proceeds abundantly from the decomposi- 
tion of vegetable substances, and La one of the products of 
the distillation of coal. 

This gas i& colourless, nearly inodorous, and does not 
affect vegetable colours, and, liko hydrogen, is permanently 
gaseous under intense cold or pressure. It is highly com- 
bustible in oxygen or air, and explosive to a violent degree, 
if mixed with either of these in the due proportion neces- 
sary to convert all the hydrogen into water and the carbon 
into carbonic acid. However, as the oxygen exceeds or 
fall^ short of that quantity, so is the explosive power 
decreased. 

Marsh gas by weight contains 12 parts of carbon and 
i parts of hydrogen. 

Its density is '659, the weight of 100 cubic inches being 
17-41 grains. 

"When marsh gas is burned in the air, if allowed to issue 
OS a large thick &waie, considerable light ia o\i\.8.ia^i. \'^. 
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is possible, liowovor, to bum it witboat 
light, by causing it to issue under great 
Tory minute orifices. However, this 
with or without the emission of lights 
circumstances attending the combustion, 
the gaseous compounds of carbon and hyc 

Pure carburetted hydrogen gas may be 
quantities with safety. In its natural foi 
and fire-damp it is generally oontaminai 
and with a small proportion of oarbonio 
unpleasant smell of common coal gas is due 

The properties of the diluent hydros 
been described. Another of these diluents, 
or the protoxide of carbon, consists of one 
and one of oxygen, and is prepared in th( 
passing carbonic acid over red-hot 
its oxygen is removed, when it beoomes 
carbonic oxide. This change explains 
formation in the process of distilling coal 
purposes. 

Carloyiio oxide is a colourless inodorous 
half its volume of oxygon, is combustible, 
a beautiful blue flame, as may be observed 
dear coke fire, the product of combustion 
acid. This gas is extremely poisonous, 
carbonic acid, is colourless, and possesses v( 
Indeed, if carbonic oxide be present to the 
per cent, in the atmosphere, it might prove 
probably this that kills in the action of 
fumes of charcoal. The specific gravity of 
is "908, the weight of 100 cubic inches bei 
This compound exists more or less in coal 
exceeding ten per cent, by volume, and g< 
less. It requires one volume of oxygen f( 
and is then converted into carbonic acid. 

Carbonic oxide contributes to the heat of 
only indirectly to the light. It is not cons 
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lurity in coal gas ; althougli the fact of its giving off lea 
leat than hyclrogen, ■while it absorbs the sam') quantity a 
>xj-gon, ami produces one volumo of carbonic acid— 
EubBtance always very objectionable — uodoubtedly reodei 
■t highly objectionable. 



The IsEPUKiTiEa 
SuJphuretled hydrogen. — This is a colourless transparenl 
IS, possessing a most disagreeablo odour commoi 
mpared with putrid eggs. Its apeciSo gravity 
slightly greater than that of atmospheric air. It 
very poisouous, occasioning aufiocating vapours liko 
arising from the burning of brimstone, and if breathed 
is injurious to life. One of its properties is that it dis. 
colours paints, as almost all paints contain carbonate of 
lead, which is acted upon in the same way as the tost, 
acetate of lead, which is usually employed to detect the 
presence of the impurity in question. Bulphurettod hydro- 
gen tarnishes metals, changes the colour of most f urnitur* 
hangings ; and when coal gas possessing it is burned, the 
eulphur combines with the oxygen of the atmosphere, and 
forms Bulphuroua acid. Therefore, with all the various 
evils eniimerated, it is of the utmost importaace that gas 
should be entirely free from this impurity, and any com- 
pany neglecting this, does a serious injury to their business, 
as well as occasioning considerable annoyance to their 
consumers. 

Proviously to purification, about eight feet of sulpha* 
retted hydrogen exist in every thousand feet of gas ob- 
tained from Newcastle cool. 

Sulphuretted hydrogen consists by weight of 1 part of 
hydrogen gas and 16 parts sulphur compound. Bymeasure 
it contains two volumes of hydrogen combined with one 
volume of the vapour of sulphur, being condensed into the 
space of two volumes. Its specific gravity is riTS, thtj 
weight of 100 cubic inches teiug 00*51 ^aina. 
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^V- Tliie unpurity is fonued hj (lie comliuiatioii of sulpliiti 
^noid hydrogen at a red liont. Coal of the best quality 
^ eontaina Iron pjTitea which intorseet it in laniini 

Dictnllic appearance, and when hydrogen tomes in coni 
with thia compound, at the temporature at which coaH 
giticrally carbonized, it takes from it a quantify of sulj 
and becomes converted into sulphuretted hydrogen. 

Ammoni/t. — This can be removed from gas with the 
greatest facility, and even in the smallest of works, should 
bo a Boureo of revenue to a gas company; ammonia is 
produced abundantly in nature from the decompositian of 
animal and vegetable substances, the gaa is colourless and. 
very pungent, acting strongly on the mucous membrane 
the nose, the eyes, and throat. 

This impurity is produced during the oarbonizatioi 
coal, as already observed, by the combination of hy(" 
with the nitrogen, which is contained in the coal, &e 
organic substances, or substances of organic origin, 
density of ammonia is 'SSO, the weight of 100 cubic 
being 18-26 grains. A groat part of the ammonia ii 
rated from gas by the condensing apparatus, combined 
water, and called ammoniacal hquor. This liquor is 
principal source from which the ammonia is procured 
numerous patents have been taken out at various 
for improvements in tho mode of treating it, in ordi 
produce the sulphate, carbonate, muriate, and other 
of the compound. 

Ammonia has strong alkaline properties, and ita 
is detected by moistened turmeric paper, which, w1 
exposed to tho action of tliia gas, changes from ite y( 
colour, to a deep red or brown. It is also detected by 
reddened litmus paper, whioh changes to blue. Butihe 
most minute quantity that may be present, is ascertained 
by filling a glass flask with the gas to be examined, and 
grinto it a glass rod previously dipped into muriatic 
I, if ac-.monia be present, a white cloud of 
mmonia is formed in the flask. The means 
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manufacturing the impurity and residual in question 

be the subject of another chapter. 

Ammonia in small quantities is not injurious to health, 
but it acts on some of the metala, as brass and coppev^ 
which compose the fittings and meterB, and is so far aiLJ 
impurity. Against this, it converts any sulphuric addij 
formed during combustion, into sulphate of ammonia fj 
therefore in tius respect a very small quantity in the 
ia beneficial, and must be considered so until means 
deTiBed for freeing gas from all its sulphur compel 
An eminent chemiat considers that a limited quantity 
ammonia in combination with the gas prevents the de] 
of naphthaline in the pipes. 

Water absorbs about 700 times its own volume of 
ammoniacal gaB, and this property is taken advantage of in 
order to eliminate it from the gas. Ammonia is a gaseous 
body, and that which is usually called so in the liquid state, 
is ammoniacal gas intermixed with water. 

Carlonk acid is another impurity which ia always gene- 
rated in the process ol manufacturing gas, because oxygen 
exists in all descriptions of coal. Part of this oxygen unites 
■with the hydrogen present in the coeJ, with the production 
of water ; the remainder combines with carbon and generates 
two distinct compounds, namely, carbonic acid, an im- 
purity, and carbonic oxide, a diluent, as described. Car- 
bonic add contains the largest amount of oiygen that ever 
combines with carbon. It ia perfectly colourless and 
transparent, and half as heavy again as atmospheric air, , 
It is very poisonous, is incapable of combustion, or of 
■IttmOTdng combustion; thus it is obvious that it is useless 
^^F jarbonio acid is not, however, only useless, but is 

^H dingly pernicious compound, acting in a marked 

^H ., and deteriorating the iUuminatiag power of the 
^H ith which it ia combined, as a mixture of only 1 per 
^B . of it with gas, reduces the illuminating power about 
^Vj^ cent. ; and for this reason alouo it is very desirable 
^Kk this impurity should bo eliminated. J 
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Siiulpkidi of earlon is a compoimd of carbon and ml 

phur, and is f-irmed wherovor sulphur comes in cont^ 
with red-hot coke or charcoal ; and as a portion o£ sidpla 
is alwaj'S retained by the coke during its combustian 
the last, it is evident that wheneveT a charge of coal 
worked off, the longer the red-hot coke is left in the reh 
the greater will be the quantity of the peruicioua compou 
in question. 

Bisulphide of carbon may be produced by heating aa 
iron pyrites to reduess in a dose porcelain vessel with oi 
fifth their weight of well-bumed and dry charcoaL 
may be condensed as a colourless liquid having an a 
taste and very offensive odour. It is a remarkable aolv( 
for indianibber, boils at 116^ Foh., and vaporises n 
great facility. 

Of the otlior compounds of sulphur and carbon in g 
little is understood at the present time. 

By some engineers coal gas is considered to be suffiden 
pure for commercial purposes when it indicates no trno 
of sulphuretted hydrogen, ammonia, or carbonic : 
when tested for these impurities by tho ordinary mi 
However, of late years considerable importance has be 
attached to the presence of the bisiJphido of carbon a 
other similar compounds aa an impurity in coal g 
Hence, in all recent Acts of Parhament, the gaa to 
supplied by a company is defined to be of that qual 
that it shall not contain more than 20 or 25 grains 
sulphur in any form, in the 100 cubic feet. But in orci 
to show that an undue importance has been attached 
this, we may state that on one occasion the late ] 
Letheby examined the gas of 24 towns in the Unit 
Kingdom, and in 17 of them tho quantity of sulphur w 
less than 16 grains, while in 7 it was below 10 grains j 
100 cubic feet. In the proper place we will again ref 
to this subject. 

According to tlio lato Dr. Letheby, the following is ' 
frerage composition of London gas :— 
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Hydrogen 

Light carbnretted hydrogen 
Condensible hydro-carbons 
Carbonic oxide 
Carbonic acid . 
Aqueous yaponr 
Oxygen . 
Nitrogen. • 



CommoiiGM CiimdaM 


(12-ouidto). (tO^ttdk). 


. 460 . 


. 27-7 


. 39*5 . 


. 600 


. 8-8 . 


. 130 


. 7-6 . 


6-8 


. 0-6 . 


01 


.20. 


2*0 


. 01 . 


00 


. 0-6 . 


0.4 



1000 



100*0 



The following table, extracted from a course of lectures 
by Dr. FraoEland, gives the comparatiye illuminating 
power of the gas supplied to yarious cities and towns : — 



European CapUalt* 



Kame. 

Berlin • 
Paris 

London • 
Vienna 
Edinburgh 



Manchester 
Liverpool . 
Olasgow 
Aberdeen . 
Greenock . 
Hawick . 
Inverness . 
Paisley 
Carlisle 
Birmingham 









nininlnttftig Pbwer 
insUmdard 






Spom Cudles. 








15-5 


. Fr6my 






12*3 


• • Letheby • 






12*1 


. Redlenbacher 






9*0 


. Penny 






280 


Britith Qitiea and Toums. 






. Leigh • 






22*0 


. Kix^ 








220 


. Penny 








280 


• • >i 








36*0 


• • 99 < 








28*5 


• • 99 








300 


; t 99 








250 


• • »» 








30*3 


• • l> 








16*0 


« • Frankland 








16*0 



CHAPTER IV. 

COJZ USED IN GAE-MAKmO. 

w Origin □{ Coal— Coal unknowa to the Ancients— Its first TThS^ 
Loudon — Procluimtion forbidding it— Tho first Patent o1 
in coDJiiDotion with Cool — Ths Composition of different E 
Lignatea — Tables of Analyses, by Ttlosirs. Lswia Tlunnpii 
Patcraon, and Uislop —The Pcterioratioc of Co&l. 

Gab for the purposes of lighting and heating, ia genei 
obtained by the destructive dietillation of cool, and a 
ing to the quality of the coal, and the manner the opeiati( 
of carbonization and purification are conducted, ao y, 
the quality and quantity of the gas. 

The origin of coal is involved in eome doubt, b^ 
theory generally admitted by geologista ie, that its fom 
tion was caused by the deposit of vegetable matter, ^ 
in the cotiise of ages became converted into coal. 

eminent geologists suppose coal-beds to have been i 

ginally a kind of peat bog, or immense aecimiulations o( . 
masses of vegetable remains ; and that subsequently the 
tracts of country whore they existed, by some oxtenaive 
convulsions of the earth, subsided below their former level, 
and were covered by various deposits. Others suppose 
that the trees of primeval forests were carried away by 
floods and rivers and deposited in immense lakes, whore 
they were afterwards covered by mud, sand, argil, and such 
like substances, so constituting the covering strata. It ia 
further conjectured that the vegetable remains, whether of 
treea, peat, moss, or other analogous sM^jsiamitB, \ 
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buried, became after many ages convGrted into coal, whila 
the deposits were converted into rock, shale, schist, 
marl, -which now intersect and cover tiie varioue strata of 
coal. 

This assumption ia formed from the fact that in all coal 
there are traces of vegetation, ad ferns and even the trunks 
of trees, which are eo positive in their form and appear- 
ance, often with the bark attached, as to leave no doubt of 
their origin. This waa particularly the case with the 
Boghead Cannel, wherein the trunks and branches of trees 
were often fotmd, the wood having the nature of that coal, 
while the hark resembled caking coal. 

There are various other theoriea which have their sup- 
porters, and perhaps one of the most feasible is the suppo- 
sition that coal was formerly a deposit of carbonaceous 
liquid similar to petroleum, and that by crystallisation this 
liquid became coal, such as we find it. Those of this 
opinion argue that the presence of trees and vegetation 
might have been accidental, or probably by the design of 
Providence, in order to assist in the crystallisation of the 

Coal appears to have been unknown to the ancients, in- 
deed its use is comparatively of modem date, as the first col- 
liery was opened in the high grounds in the neighbourhood 
of Newcaatle-on-Tyne in the year 1238. About 1306 coal 
was employed in London hy brewers, dyers, and other 
branches of industry which required large fires; but the 
smoke produced from them became so offensive to the resi- 
dent nobility and gentry, that they remonstrated against its 
use, and in con8ec[uenoe, a royal proclamation was issued 
forbidding the use of coal as fuel in London. Some years 
afterwards, wood fuel becoming scarce, and the population 
and trade of the city increasing, prejudice gave way to 
utility, when the force of the proclamation diminished, and 
was eventually rescinded. 

The use of coal became afterwards very general, but 

a and abuse oi ihe dealers therein was ao escWKW 
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that hy Act of Common Council of tJio City of London, b I 
1GS3, each of the City trades companies iras ordered to I 
lay up largo stores of coal in summer, which in winter waa 
to be vended to the poor at aa low a price as possible, con- ' 
sistent with avoiding any loss. 

The first patent in conjunction with coal was granted in 
1589, for the purpose of smelting iron therewith. Patents ] 
wore fiubBequently obtained at various periods for obtain- i 
ing oil, pitch, tar, and making charcoal (coke) from coal. ' 
In 1781 a patent was granted to the Earl of Dundonald 
fur " a method of extracting or making tar, pitch, essential 
oUs, volatile alkali, mineral acids, salts, and cinders from 
pit coals." By tliis it will be observed that although the 
patentee was well acquainted with most of the residualH to 
be derivedfrom tlie distillation of coal, yet the moat valuable 
constituent, the gas, was entirely lost eight of. A' few 
yeara after this (1791) a patent was obtained for using 
an explosive mixture of inflammable air, combined with 
atmospheric air, to produce motive power — an invention 
which is only at tlie present day being carried practically 
into operation, and to which we shall have occasion to 
refer hereafter. 

Coal by geologists is divided into four classes, namely, 
anthracite or glance cool; the semi-bitiuninous ; the 
bituminous; and cannel or parrot coal. The anthracite 
consists almost entirely of fixed carbon. The semi-bitu- 
minous is allied to tlie former, and is found extensively in 
South Wales, and largely used for steam purposes. But 
neither this nor anthracite possesses any interest for the 
gaa manufacturer. 

Bituminous, or, more properly called, caking coal, as 
its name implies, in the act of combustion cakes together, 
and wlien in the retort after a time intumesces, becomes 
of a black doughy consistency, and, haVing yielded the 
larger portion of its gases, begins to agglomerate e 
increase in temperature until it becomes red hot, at v 
point the troublesome sulpKuz imp\i£).<nQ& ke« ot^jL^qA. , 



CAXSBL COAL. 

The rich caHng coals of XorthinnbcrlaDd and Di 
contain from 54 to 70 per cent, of £xed carbon, wai 
4 to 5 per cent, of ash. Some qnalitieB of 
unsuitable for household Sies, on account of their 
to cake together and obstruct the pa^aage oi tlie 
rule, these are rei; friable, and contain a huge 
" slack," or email coal, which, although not adapted ft 
the purpose mentioaed, answer admirably alike for ih 
production of gas and coke. 

There are other classes of bituminous coal that do m 
cake, and are suitable for the manufacture of gas, althoo^ 
their coke, like that from cannel, retains the form it po»- 
seseed prior to carbonization. 

The other coal which is of important interest for the gas 
manufacturer, is the cannel or parrot coal, with whidi. 
Scotland is particularly favoured. It is obtained to 
limited extent in the North, also extenaiTel; in the Mid- 
land counties, of England. It is likewise found in North. 
America, Belgium, and a few other places. A cannd. 
identical in appearance with Boghead, and even of sup». 
rior quahty, is obtained in Australia. 

Cannel is the richest of all coals for producing gas of 
high illuminating power. Its principal characteristicH are, 
that it has a smooth compact appearance, and is duller in 
colour than olher descriptions of coal ; its fracture is flinty 
or conchoidal ; It decrepitates when submitted to the heat of 
the retort, does not intumesco nor alter in form during- 
the process of carbonization ; and delivers its gas prin- 
cipally in a lateral direction, the coke resulting therefrom 
ehowing the laminee whence the gas issued. 

The coke from nearly every description of cannel retains 
the form and size of the coal previously to distillation. In 
its nature it is compact, and resembles charcoal, for which. 
it is often substituted abroad. This coke is sometimes used 
as fuel for the furnaces ; but very often an inferior de- 
scription of coal is employed for the purpose, and the cok© 
is sold. There ia a description of "Wigan, BlfiO ^.aaas^T 
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bumel, n-hidi givoB a coke -vers Bimilar to tho caking coal, 
ienftbliiig it to ba used oa fuel for the furnaces, and it is a 
more marketable commodity than that derived from other 
cannels. 

There are other imperfect descriptions called brown coal, 
or lignite, wMch exist in many pnxts of the world, known 
also as bituminous wood, earthy lignite, and common lignite. 
Common lignite ie of interest to the gas manufacturer, on 
account of its strong resemblance to coal, for which, by an 
inexperienced eye, it might readily be mistaken ; when 
distilled it gives off an abundance of water, with a small 
yield of gas of low illuminating power, possessing a moet 
offensive sulphurous odour, which lime puriJication does 
not remove. This material contains very little tar, and the 
residue left in the retorts ia simply breej;6 in cubes. It is 
therefore useless for the manufacture of gas, and onlj;-- 
serviceable for burning lime, bricks, and other out-doMjd 

All coalB are composed nearly of the eame ingredleidfl 
varying, however, considerably in their respectiTB qmjB 
titles, tK> illustrate which a table of the analysis of a f4^l 
dasaoB is subjoined: — ^ 


J 


Loulify.orName 
of Cool. 


'^. 


Hydro- 


Nitro- 


pS. 


Oxj. 

sen. 


Asb. 


Coke. 


fThomaa's Mer- ' 
tbyr . . 
i-i Nixon's Mor-^ 

* HiU-B Ply- 

moTith works 

Newcastle ; 

B Hartley . i 

|_j "West Hartley ' 

1'' HastinKH 
|_ Hartley . 


90-12 
90-27 
88-49 
81-81 
81-86 
82'2J 


4 '33 
4-12 
4-00 
6-60 
6-29 
£■42 


100 

016 
1-28 
1-69 
I'fil 





86 
20 
84 

I 

35 


2'02 
2-63 

3-82 
2-6B 
7-63 
6-44 


1-68 
1-25 
2-39 
7-14 

2'61 
2-04 


8653 
TB'U 
SSU 

64-81 
59'20 
36'60 
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VAKIOrS KIXDS OF CX>M„ 

The carbon in the compositioit of coal may either \ 
fixed or volatile. By fixed carbon is understood Utat w 
does not volatiliBe ivhen underling ordinary distillatial 
bnt remains in the retort as coke. The volatile c 
is that -which passes off as gas, hydro- carbons, and tar. 

The preceding table demonstrates this difference ve^* 
forcibly, for in the Welsh coal upwards ol 86 per cent, 
remain fixed as coke, and as a conseq^ucnce this dasB, 
although admirably adapted for steam purposes, is useless 
for the manufacture of gas. According to the same tablf^ 
the Hastings Hartley yields about 47 por cent, of volatifafl 
carbon, wHch renders it a good gas-producing agenS^ 
But this, on account of its volatility would bo ill adapted 
for steam purposes, as without observing the greatest core 
a large portion of it would pass off as amoke. 

The description of coal required to be carbonized by any 
company will of necessity be controlled by the q;uality of the 
gas stipulated to be supplied by them, whether according 
to airangement with the local authorities, or under the 
authorisation of Parliament, or other circumstances. Tho 
facilities for disposing of the coke will also influence the 
choice of coal to be carbonized. The average defined 
quality for companies supplying gas to towns in England, 
Wales, and Ireland is that " 5 feet of gas, when consumed 
with an argand burner, shall give the light of 14 candles, 
each consuming 120 grains of sperm per hour." But as 
argand burners are very variable in their construction 
and results, the MetiopoHtaa Gaa Eeferees, who to an ox- 
tent regulate the quality of the gas supplied in London, 
have defined the dimensions of the test ai^and burner and 
diimney, which is described imder the head of " Burners." 
For the description of gas in question — that is 14-candlo 
gas — the ordinary caking coal of Newcastle and other 
places, as well as some others which do not cake, are suit- 
able. But eating coal is always preferable to the other, 
as all itsUttle partjolea agglomerate and form coke ; where- 
as the other, as observed, retains the form \t ■^osiw 
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' previous to carbonizatioD, coneeriueEtly tho amount 
lirGOxe attending; its use is oliraja very considerable. 
But in the evcmt of a superior kind of gas to that 
tionod t>eiQg required, then a proportionate admixt 
cannel with the common coal will be necessary. Howi 
as will be found hereafter, the variable quali^ of 
produdes any rule being laid down concerning the e 
or the quantity required to increase tlie illuminating _ 
of gas to any given standard. In Scotland the gas 
plied is of a very superior description to that fumit 
tho rest of the United Kingdom (if we except a few toi 
in the North), and averages about 25-candlo illuminat 
power, which arises from the fact that connel is veryab 
ilant in that country. 

With the view of illustrating the composition of differ 
kinds of coal, we have copied from Eichards' " Treatise 
Coal Gas " tables of analyses by Messrs. Lewis Thompa 
Paterson, and Hislop, gentlemen who are well known . 
their accuracy in experimental investigations. Mr, IiBJ 
Thompson's analyses refer principally to Newcastle cfi 
and give its weight of volatile matter and coke, the p 
eentage of ash, together with the amount of sulphui a 
toined in the coal and coke, and volatile matter in the 
and, like tho other tables, give the relative value of 
different coals for the production of gas and coke. 

From the exhaustive analyses by Mr. Paterson of ci 
obtained in various parts of the North of England, wole 
the exact value of any particular class specified; the yi 
of gas per ton of coal ; the illumiaating power of that gasl 
the value of a cubic foot in grains of sperm; the value (ff 
the gas from a ton of coal in pounds of sperm ; together 
with the weight of coke derived and the percentage of 
adi contained in that coke. To demonstrate the import- 
ance of this table we will take the two extremes, namely, 
tho coal from the South Yorkshire Coal and Iron Oompacy, 
which yields 12,300 feet of gas per ton, equivalent in 
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THE CHOICE OF COAL. 



iTeley Colliery Company, which yields but 9,040 feet d 
gas, equal to only 350 Iba. of sperm. Hence it is obvioi 
that the former containa twice the illumiuating power O 
the latter, and yields upwards of 25 per cent, mote gufl 
■whilst the advantage in the yield of coke with a, lowtf 
percentage of ash is alao in favour of the South Yorl^ 
sliiro Coal and Iron Company, Those are facts that ahoul" 
be well considered by every Gas Company when dociding 
on the description of coal for carbonization. 

The preceding table exhibits the results oblaiued by 
Mr. Hialop from a few of the principol cannels out of 
upwards of 120 kinds from different districta in Scotland. 
The market value of eannels is very largely aiFected by the 
illuminating agents they evolve. Thus we find that whilat _ 
Shieldmuir gives a low yield of gaa, only equal in valufj 
to 754 Iha., another class, Inchgall, gives more than doubl«« 
or 1,518 lbs, of sperm per ton of coal. Their value is alaofl 
influenced by the cLuality of the coke which tliey afiotdM 
a. portion of the above number contains from 73 to 85 paffl 
cent., and one kind only 58 per cent, of carbon, whict^ 
limits their use as fuel, and sometimea renders an admixture 
of a coal which yields a superior class of coke for firing 
purposes indispensable. 

From the preceding wo understand the great importance 
in the choice of coal for carbonizicg ; and if we further 
consider that its cost is often a small item when compared 
with the carriage or freight, it is evident that the proper 
aelection becomes a main point in the prosperity of a gas 
company, and that the economy effected of two or three 
shillings per ton in the first cost often literally means a 
loss of several times the supposed saving. This ia parti- 
cularly the case in works situated abroad, where the freight 
or carriage is heavy. 

In terminating our observations on this subject, wo 
would impress all gas managers with the advice to 
avoid any new class of coal until its quality has been 
>affhJj' reriSed hj practical experiments-, ani -^iV^ 






66 



COAL USED IN ( 



making theso experiments a good fair sample should a 
thosen, of not lose than a charge of 7 lbs. Quantities 
few grains, as recommended by chemists, are likelfl 
deceive ; besides with these small specimens the natu 
the coke cannot bo ascertained. In gas-Trorks i 
frequently specimone of bituminous shale are offeredfl 
the notice of the gae manager. However, in no case t" 
has come under our knowledge have they assisted j but^ I 
the contrary, the specimens have often been the caiu^ 
annoyance and trouble. 

Coal, and particularly slack, deteriorates by long s 
ngo, and this dotorioration is augmented when the ooaJ 
exposed to the weather. Works which have the f aciliH 
obtaining the coal directly, and quickly, from the mine,* 
placed in a much more favourable position, both i 
quantity and the quality of the gas obtained, than oq 
works whero a great delay occurs between the period/ 
getting, and carbonizing, the coal. The cause of i 
deterioration is difficult to explain, but that such is | 
fact there can be no doubt, as it is proved daily, and s! 
the desirability of having frequent shipments at ints) 
to works abroad, in order to avoid long 8toraga. 



CHAPTEE V. 

CARBONIZATION. 



tatnra neceunry— Claj' Retorts geDerall j employed— 
portance of Dry Coola — Air-tight Doon ot Hetorts— iDcnsta^ 
D of Itntorts — iHoib of removing — Hydro-carbonB absatbod by 
-— Anti-dip Pipes— WTiito's Automatic Vaive— Dnrstioo of 
;e8 — West's ChargiDg Apparatus — Fuel foi heating Fur- 
— Percentage of Coke used for — Necessity for rapid Sale of 



it process in gas manufacture oonsista in submitting 
to the action of a high boat, whereby ite destructive 
ition, or as g^enerally temied. carbonization, is effected. 
this is accomplished by placing the coal into 
of fire-clay or iron, which are previously heat«d con- 
kbly above its point of ignition. 
The retort, being charged with coal, is then hermetically 
ctjsed with a door and luting, or in some cases the door is 
M adjusted as to be gas-tight without the luting, the gas 
liaving no escape except through the ascension-pipe. By 
tiiese means the coal ia decomposed, and the gas evolved, 
and TPhen effectually done, the residue left in the retort 
U simply coke — a substance chiefly consisting of carbon, 
containing neither bitumen, tar, nor other volatile matter 
^pable of yielding a useful gas for the purpose of lighting. 
When coal is submitted to a temperature approaching to 
tO0° Fahr, — that is, a very dull red heat as seen in the 
lark, a degree of heat which slowly chars paper, but does 
lot inflame it — it« volatile matter is resolved into tar and 
jil, and YitOe or no gas is evolved. 
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Ur. Young, of Batligate, tumod the knowledge oil 
umple fact to very great advantage, by deoompo 
Boglioad cannol at that low temperature by whicli oj" 
tar only wore obtained. Tliese were afterwards j 

producing the material imiversally known e 
^Vhen the operation is properly conducted) the quanld 
gas oYolved at a low temperature is very small, In t 
cases perhaps not exceeding 100 feet per ton, the i ' 
tlie volatile constituents being condensed into liquid. 

In the carbonization of coal, in proportion a 
Uie retorts incroases, so is the quantity of gas au^ 
and the tar diminished. Thus at a very low red hsfl 
Been by daylight about 6,500 feet per ton are prodfl 
and OB the heat increases so is the (Quantity of I 
augmented. The best temperature for iron retorts, i 
patiblo with their durability and good yield of gas, i 
from the heat called cherry-red to bright cherry-red; bu'T 
witli day retorts, that temperature having tho colour be- 
tween a dull and bright orange ia generally coniddered 
the moat suitable, and gives vastly superior results in the 
production of gas, than can ever be attained by the use of 
iron retorts, which at the present day are very seldom 
nsed ; and then only in the smallest of works, where the 
operations are very irregular. 

day or brick retorta are now used almost oxclusively, 
alike in works of the largest magnitude as in those making 
only one million of feet per annum ; the principal advan- 
tages derived from them consisting in their great durability . 
and consequently economy, as the average estimate of the i 
cost of clay retorts for carbonizing ia about one pennjl 
per thousand feot of gaa produced; whereas the cost ofj' 
iron retorta was generally considered to be six times that ■ 
amount. With clay retorts and exhauster, the temperature | , 
can be raised to that degree that about seventeen per cent. I 
increased volume of gas is obtained from the coal, of onj 
illuminating power little inferior to that derived from iron 1 
TBtorta, Tho o^ieration of coi'bomMi.tion \a Taow, t^fttlv 
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acoompliahed, aa a charge of 2J nrt. of coal can be a 
boaized with clay retorts, as readily aa another of 1^ c 
with those of iron. Besides, should circumstances neceeei'- 
tato such a course, the heats of ordiuaiy goodsettiugs, can 
be epeedily raised in such a niauner as to carbonize Iha 
coal in a mueb shorter time than is usually allowed, vitb- 
out the fear of injuring the retorts. 

Generally, the charges for the retorts are of six hour^' 
duration, although in our opinion fire-hours charges arai 
more beneficial, but an impediment to their adoption is thai 
irregularity of the hours during a succesaion of days;. 
whereas with the six hours tho same benches fall o 
same hours continually. Many engineers; however, profsr- 
tho higher temperature of bright orange with four-houM 
charges, by which we often hear of upwards of 10,500- 
feet being obtained from a Ion of Newcastle coaL 

All coals for carbonizing should be dry, wet coals are 
produetive of several evUa; as, for example, when first 
charged the humidity is rapidly converted into steam, 
whiii carries off a large portion of the caloric from the 
retorts ; when their temperature being reduced, according 
to the action already explained by low heats, the volatile 
constituents of the coal are evolved as tar, -mth a dimi- 
nished yield of gas. It has been stated by a high authorily 
that with wet coal a large quantity of hydrogen is pro- 
duced — which, however, does not correspond with c 
perienee — and we are assured that the heat of the retorta 
is not sufficient to decompose the large volume of steam.- 
given o£ under these circumstances. Besides on severed. 
occasions in small works, where an open seal has beea 
attached to the condenser, we have observed the great 
quantity of liquor flowing therefrom, when wet coals have 
been charged. Moreover, it has been demonstrated by 
Messrs, Perrot & Schwartz that by carbonizing wet coala 
tho quantity of defiant gas is reduced one- third. For thiS' 
reason, all coala should be Icopt under cover, with proper 
ventilation, in order to avoid spontaneous combustion, 
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which is liahle to occur vlien cool is stored in a wet etato, 
in a oonfined locality. 

When retortB are charged, at the time of closing tL:' 
door of the mouth-piec^, the gaa should inflame ; in il. 
opposite case, should a dense volume of black smoke hsv.'- 
it is a proof either that the "heats" are too low or :li'^ 
chargi? of coal too great. And here it should be ohserval 
that the word " charge " has two different significations, u 
it means, the quantity of coal placed in the retorts, or flie 
time the coal is undergoing the process. Thus we talk of 
a charge of 2 owi. for each retort, and a fiye or six hours 

One of the modem improvements connected with tha 
retort-house is the air-tight mouth-piece door, inventsil 
hy Mr. Morton, which requires no luting. The door is sup- 
ported by a hinge, and bo adjusted to the mouth-piecp. 
that when closed the crosB-bor is secured by a hand'' 
when an eccentric presses the door with sufficient forti' ' 
prevent any leakage, These doors are made to suit ;j'.! 
the various forms of retorts, whether D-shape, round, or 
oval. The advantages to be derived from them are — die- 
ponsing altogether with luting, with all its trouble ol 
trimming and cleaning the lids ; avoiding the accidenliil 
loss of gas from breakage of the lute ; dispensing with 
the most arduous part of the stoker's duty, the taking oil' 

tand putting on the lids ; and the promptitude with which 
these mouth-pieces is closed, is admirable. The prices of 
these lids are moderate, which are repaid by the advantages 
enumerated in a few months, and only the moat ordinary 
oare is nocessary to retain them in good working order 
during a series of years, as proved at the Bechton aad 
other large works, 

A very ossential point in the carbonization of coal ifl to 
keep the interior of the retorts free from incrustation, and, 
indeed, as far as possible, to prevent it accumulating. 
This incrustation is a solidification of the heavy hydro- 
carbon or the richest parts of the ga&, and 'vhenerer gas 
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L9 subjected to a high pressure and great heat thcoe 
deposited within the retort in great aliiintlanco. 

This inctuetatioa outails several disadvantages — it ob- 
structs the passage of the caloric to the coal, and oon- 
Bequently inereases the fuel and labour ; by the apace it 
occupies move retorts become necessary, so increasing 
the capital invested; aad wherever it abounds the coke ia 
always of inferior quality. In iron retorts, where the 
heats are not bo high aa in those of clay, supposing both 
to be subject to the same pressure, this deposit does not 
take place so speedily; but it ia always in excess in ths 
hottest part of the retort, which ia generally the closed 
end, and diminishes towards the mouth in proportion to 
the reduced temperature. 

"When day retorts are at the most advantageous tem- 
perature, and the gas in thorn is under a pressure of about 
18 inches — by no means uncommoa when the exhauster ia 
not in use — two or three weeks are sufELeient for a very 
inconvenient accumulation of carbon in the retorts ; but 
when the pressure is diminished by the exhauster to about 
one inch, the some quantity of accumidation would requin 
from two to three months. 

The mode Bometimes adopted to dear out this carbon 
is to project from a tube a small jet of steam on to the 
crust attached to the roof of the retort while it is heated 
as usual. The oxygen of the steam combines with the 
carbon which gradually diminishes, and when sufficiently 
thin it can be easily detached by means of a chisel bar, 
and on being removed from the roof, like an arch without 
the key, the deposit of the sides breaks away in large 
lumps. But in the present advanced state of gas manu- 
facture, the chisel bar should never be employed, as by it 
often retorts are broken and rendered unfit for service, 
The proper method of removing the carbon incrustation is 
by a periodical cleansing ; for this purpose the retorts are 
exposed to the action of the atmosphere, the heats being 
kept up aa usual, and tho door is placed ia ite ■gtm^Aao, 
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leaving about half an inob space between it and themi 
piece, when the air enters and gradiioUy cleansea the w 
It is always advisable to clear out this deposit be 
it becomes too thick ; if neglected, ita accumulatioa is ' 
rapid. 

In OT-der to avoid the deposit of carbon in the retorta, 
pressure should be as low as possible, and to attain 
object the dips of the hydraulic main ought never b 
immersed to a greater depth than one inch ; and i 
exhauster be employed, this should be connected din 
with the hydraulic main, wheu it con be worked at "'. 
gauges," so leaving a pressure of one inch on the retl 
When no exhauster is employed, every meana shoidd 
adopted to Ughten the back pressure, by limiting the tl 
ness of the purifying material, and if possible coui 
balancing the holders. 

Within the last few years attempts have been mad 
disponso with the dip pipes in the hydraulic main, on 
grounds that they give considerable pressure, 
a portion of the hydro-carbons are absorbed by ^ 
in their passage. Without giving credence to all i 
may be said in disparagement of the dip, we camiot ft 
the absorptive action of the tar in the hydraulic main, 
that by this some of the richest constituents of the gai 
absorbed ; and if any proof of this were requisite it e 
in the fact that tor on distillation, yields those very t 



Thus it is evident that the hydro-carbon vapours 
from the coal during carbonization, aro absorbed by 
tar, which, passing into the hands of the tar disi ' 
arc reproduced as naphtha or other hydro-carbons, 
are sometimes afterwards employed in the productioi 
" air gas" or carbtiretted air. Hence that which -was li 
in the first instance, and should have been conveyed with 
the gas. Is eventually consumed by the intervention of air. 
That this is a palpable error in gas manufacture there 
can be no doubt, since it is admitted by several writers on 



WHITE S AUTOMATIC VALVE. 



lydro-H 
tratefV 



the subject that tar has a great affinity for the h; 
cnrbons, and, once absorbed, they can ooly be separated' 
]iy distillation, as already observed. With the view of 
iiniedying this evil, within the last few years Tarioua in- 
v-.ntions of anti-dip pipes have been produced, poaseesing 
more or leas merit, but in nearly all the attention of the 
Ttotkman is required to open and close them at 
charge. This, however, is djepensed with in White' 
automatic valve, which we believe to be the best method 
of obtaining the desired end. 

This apparatus consists of a email clack-valve placed at 
a alight angle to the perpendicular position, endosedin a 
box, in connection with each ascension pipe. The valve iS 
constructed in such a manner as to open outwards with a 
pressure of two-tenths of an inch of water ; thus, on tha 
retort being charged, the valve is opened by the gaa, and 
remains open so long as gas is produced, and that pressure 
exists. But when tJie supply oeaaes, tho valve closes and 
prevents the gas returning. On applying this valve in 
some cases the hydraulic main is dispensed with, and the 
ascension-pipe is continued by a bend and horizontal pipe, 
at right angles to the former, to the back of the single 
benches, where a horizontal pipe eommunicatea with each. 
of the valves. 

These valves in practice as in theory are perfect, as by 
the action of the weight the gas must be shut off when 
desired, and yet by the lightness of the valve beyond the 
aligbt pressure mentioned, it offers no resistance to the 
passage of the gas. By disinterested persons we have 
been informed of the complete success of the automatic 
valve, after having been in operation about a year without 
requiring the least attention, and which has resulted in a 
larger yield of gas per ton of coal carbonized, and of 
superior quality to that obtained with the hydraulic main. 
In a remarkably well-conducted works, we have seen 
these valves in combination with the dip, to which th^ 
act as » bj'-pdss, and give tie greatest satkiactioii. 
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When the ascension -pipes aro placed too close to tliL> 

lurnaces, or when Uie wall of the furnace is not 8iifficieiitl> 

^ilck. the pipes are hoatod to such a de^oe that the tar in 

Uijta pti88a^ is deposited therein as pitch, thereby causing 

■ A'P'iedy ohstruotion. 

8onio kinds of cool yiold tlicnr gas with, much groeter 
facility tlian others ; for instance, the better classes of caimel 
will deliver their gasia four houra, whereas a lite quantity 
of stack when submitted to the same heat would demand 
six hours. Hence, aocording to the class of coal employed, 
80 will bo tho duration of the charge. 

When caking coal is charged in a retort, after a time it 
begins to intumesce, or boil, emitting its gas from ead 
bubble ; subsequently it becomes a black doughy mass, and 
when nearly oil the gas is evolved it begins to increase in 
temperature, and on becoming red-hot attains the brittle- 
noss of coke ; and once the mass is incandescent, the coke 
should be withdrawn from the retorts, so as to prevent the 
emission of tho sulphur compounds, which are then geue- 
lated. 

In small works, which do not permit of the necessary 
men being employed to work double retorts, single retorts, 
generally about eight feet long, are used. The beds or 
ovens for these are placed side by side, and extend Ike 
length of the retort-house. In works of larger magnitude 
they are placed back to back, are open throughout, and 
are charged simultaneously at both ends. These are called 
double or through retorts. 

Retorts are sometimes charged by means of the shovel, 
when the process is necessarily more tedious than with ^ 
scoop, and tlie expenses of labour for carbonization I 
creased. "With tho scoop throe men at least are nocflss ' 
for each "shift" for day or night service. 

The number of men required to carbonize a given quan- 
tity of coal depends on the size of the works. At extonsiTB 
eatabliahmenta eaeli man carbonizes from five to six ton* 
of coal per day. In Scotland formerly (and perhaps the 
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system at present exietB], it waa Gomotimee tho coatom fori 
lie stokers to be engaged by piece-work. 

As a point of economy in carbonization, the retort- houwB 
sbould be paved, that portion near the benches with hat 
fire-bricks, the other with Yorkshire flagging. Each ash-J 
pit should also he provided with a plate by which the^ 
opening is covered during tlie time of charging the retorta^JI 
in order to prevent any coal from falling into them, At'l 
the end of each charge the place opposite the benchw.J 
should be swept up, and the coal placed for the next charge, J 
so that the retort-house is always in an orderly condition, i 
all of which is essential to proper working. 

The coke as drawn from the retorts should be quenched, I 
and sold as quickly as possible, in order to avoid the labour 1 
of stacking, and the loss arising from storing, by the coke ' 
crumbling to breeze. Wherever coke is stacked for 
considerable time, the loss is very great, as is made evident 
by the cart-loads of breeze which are removed at the time 
of clearing the stack. Webelieve thatit ismore profitable 
to sell the coke as produced say at 12s. per chaldron, than • 
to stack and keep it for twelve months and sell it at 1. 
for it is not only in the loss of the coke wliich is crushed I 
into breeze, but the whole of it is rendered smaller, and thua \ 



Wben the last edition of this work was issued. West's I 
stoking maehine was gradiially coming into use. Since | 
then the apparatus has been greatly improved, and en 
pbyed by some of the largest companies of the kingdoi 
Bewdes, other apparatus for the same object has come into 
, Of the number may be mentioned Warner's I 
naehine, used nt the South Shields works, and | 
machine, all of which are described hereafter. 
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Fuel nsED is TTk* tiwh FnHNACEa. fl 

ILe fuel oommonly used for heating the f umaceB ie (S? 
ooke produoed in iho retorts after the gas is expelled; the 
quantity used of course varying aceording to the quahly of 
conl and cofeo, the construction of the fumacoB, and tlio 
magnitude of the operation. When Newcastle coal is used, 
the carbonization is seldom effected, except in rory extensive 
establishments, with less than 22 per cent., or rather less 
than one quarter of tlie coke obtained ; that is to say, to car- 
bonize a ton of coal, about 8 bushels, or 3 cwt, of coke will 
be roqiured as fuel for the furnaces. 

Cannel coal does not give a coke suffidently good for 
heating the retorts, consequently in most Scottish works 
an inferior kind of coal is employed for that purpose. 

Coal ia usually spoken of by weight, and coke by 
measuro. Newcastle coal generally yields about 1 chaldron 
of 36 bushols, or from 13 to 14 cwt. of coke for every ton 
of coals. 

The quantity of coke which remains for sale after lieat> 
ing the retorts depends on various circumstances, such as 
the magnitude of the works ; the description of setting of 
retorts : whether these are constructed ou scientific prin- 
ciples, in order that the fuel may be thoroughly effective, 
and no more heat is allowed to radiate than can be con- 
sistently avoided : or whether the settings aro built without 
these considerations. Essential also to strict economy of 
fuel ia proper care in controlling the dampers of the 
behchflS, so that there may bo a sufficiency of draft, but 
avoid'^B ''■^y excess ; as by an iusufScienoy the fuel will 
not fei^e the desired heat, and an excess will always 
\jQ attended with considerable waste of fuel. Deep 
- -d narrow furnaces are generally preferred for retort 
settingB, as by these means the air in its passage through 

A the fuel becomes highly heated, approaching a white heat. 

W The hot air, or calorie, is afterwards dispersed through 
the setting, and its passage therefrom is chockeij by the 
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damper of the fluo, placed at the ectranco to tbo e 
Aug. 

Witldn OUT reooUectioiij at many gas-works tho damper 
was tmkaown, and as a natural consequence the fuel OBod 
tor heating the furnaces was excessive in the oxtrane. 
This, under Buch ciroumatonoes, must always be the case, 
as the damper ia the point of separation between tho 
interior of the oren and the atmosphere, and is really tho 
means of preventing tho escape of tho caloric. Therefore 
the emaller its orifice the more efFectually will that e 
lie prevented; however, at the same time the orifica I 
required of aoffieient capaci^ to allow the proper draugn 
or current of air to the furnace. With a modoate draugh™ 
for a setting of five retorts, each capable of distilling two tons 
of coal in the twenty-four hours, the opening in the damper 
wiU not be more than five square inches ; but this will be ■ 
(ontrolled by the state of the atmosphere, which has mui^ 
more influence in the manufacture of gas than is generally 
heJieved. 

An important consideration also is tliat tho fire-b 
tho furnace should be properly clinkerod, in order that t] 
tiir may have a free passage to the fuel, and that tho a^^ 
pan should be properly supplied with water ; which, in 
addition to preventing the furnace-bars from burning out, 
hy tho evaporation of steam, becomes a source of fuel, 
.j-^ it is decomposed into its two elements, hydrogen and 
■xygon, the former a combustible, the latter a source of 
' 'imbustion. 

In works of tho largest capacity the fuel used for car- 
bonizing often does not exceed 18 per cent, of the pro?— 
duotion, and we are assured hy several gentlemen, eihn 
giueers of moderate-sized works, that their earboniBing ilTJ 
effected with 22 per cent, of the coke produced. Of course 
it is understood tiiat under these circumstances only caking 
coal is carbonized. Hence, if we suppose 36 bushels of 
coko to be obtained per ton of coal, less than 8 busLdBj 
of coke would be sufficient to carbonize that quantity. 
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Aoeording to our oxporienco 25 per cent, of the coke 
IB sufficiQnt in all works of moderate capacity for cor- 
bonizitig, and vlieaeyer this is exceeded the operations are 
badly conducted. In smaller works of a make of fifty mil- 
lion feet per annum, the percentage o£ fuel for cartonizing 
is increased ; and as works diminish in magnitude, so does 
the fuel for carhonizing augment, until arriTing at those 
with a " make " of one milUon feet per annum, where all 
the coke will be required to heat the retorts. 

The percentage of fuel is often influenced by the manner 
the coke is sold ; thus it we euppoBo that to be measured 
with strict care, it is evident that a greater quantity will 
be roproaented as sold, and consequently less will be 
estimated as being consumed in the furnaces : whereas if 
the coke is freely measured, the estimated percentage 
employed in the furnaces will be augmented; and so 
uncertain is this method of determining the amount used 
as fuel, that we find by the returns of the Metropolitan gas 
companies threo years ago, ono company charged 40 per 
cent, more per chaldron than another, and yet no great 
difference existed between the amounts received for eoke 
of the two companies, per ton of coal carbonized, 

"When there is not a sale for the tar, or when there is a 
great demand for the coke, tar may be employed advan- 
tageously for heating the retorts, thus entirelj repladng 
coke for that purpose. For this object sometimes the set^ 
tings are built with a large arch immediately over the fur- 
nace, which is rendered necessary on account of the tar acting 
as a flux on any brickwork in immediate contact with it. 

When employing tar as fuel the best method that we 
are aware of is represented in the annexed figures. The 
elevation (Fig. 1) indicates the position of a furnace-door 
as ordinarily employed, and if we suppose tar is required 
to be used, the space of the door would be bricked up aa 
shown, leaving an orifice, a, for conveying the tar, water, 
and air into the furnace as represented in section in 
There is also another orifice, b, of about the same 
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dimonsions as the formor {2J inches sr[uaTp) at the bottM 
for the supply of air. Also the guttur, e, which may lie 
angle-iron or a piece of fire-clay slab, projeetmg alx 
3 inches within the wall, and the same distance oa ili^ 
exterior. 

The small pipe extends to the side of the buck6taTB»J 
to a height of 5 feet from the ground, where it i 
and surmouuted by a funnel of about 3 inchoa in diametarJ 
into which the tar drops. Another pipe brings the tar^ 
from tho hydraulic main, which is always preferable on 
account of its freedom from dii-t, and its hijuid atate. This 
pipe terminates about a foot above the funnel, and to it is 
attached a lantern-cock, proyided with a few inches ( 
j-jnch lead pipe, which oan be beat in such a manner as t| 
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eauEo the tar to flow with fadlity into the funnel, 
addition there is also a email pipe to convey a small f 
tion of water, suppHed by a tap, into tho funnel. 

Should the tar be required to replace coke, the firo-bara 
should be removed, when the ash-pan ia iilled up with 
lime or clinkers, or the two combined, to tho level of i. 
All being arranged as described, it is ready for use. Tho 
alteration from coke to tar may bo made in an hour. 

Tho tar from tho hydraiilic is then adjusted by the 
lantern-cock to a stream of about one-twelfth of an inch in 
diameter, and the water ia regulated to flow ia drops of 
8iK>ut eighty to tho minute. Tho tar and water flow by 
tiie pipe on to the gutter, and thence info the furnace, 
U shown in section, producing a very vivid flame at the 
pant a in section, whilst the excess oi tax ioX^fi '\i^':i'^ , 
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when compared with former dmes, when the coal } 
shipped, afterwards transported by barge, conveyed 
canal, and subsequently carted, and trinunod before c 
bonizing, all of which materially increased its cost, 
prceeut B3^tem shows on thJa point alone a vast impra 
ment and economy. 

In other cases the rirer and canal ore the raeatu 
transport for a gas company. An example of the fon 
exists at the Beckton Qas-Works, the largoet in the w 
where there are high-lcvol and low-level lines of railif 
extending throughout the works, Also a pier orlandii 
stage at the rivor, with six steam cranes, by which tli 
four vessels con be discharged at one time, and n 
than 10,000 tons oi cool con be delivered into the wt 
ono day. At those woi'kathere are 2,100 retorts or 4,1 
inouth-piecos in action in the depth of winter, produoi 
24,000,000 cubic feet per diem, and on the aTerage 2,< 
men ere engaged daily. Locomotives are also employed 
propelling the coal and coke waggons ; steam-power is a 
for pumping the ammoniacal hquor and tar ; and finaJ 
tills estabhshmont has a special line of railway of s 
two miles long for its service. Such is the gas-works of Ba 
ton, which, whether regarded for its magnitude or effidei 
must be pronounced the most complete in the world. 

But with all these resources, bH these appliances, t 
works is not placed in a more favourable position Q 
many of the medium-sized cstabHshments ; for the eu 
reason that its very magnitude neceasitates these e 
ordinary means of discharging vessels and transport; U 
it may be observed, that works of the smallest desci 
tion are capable of producing the same quantity of gas fi 
a ton of any given coal as the largest, provided they empl 
the samo vigilance and heats, with the same description 
retorts ; and in a few cases medium-sized works, by reasa) 
of their limited capital for a given quantity of gas pwi 
duced, are placed in even more favourable conditions tl 
the large works in question. 
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Nor does the important change in the opcnitioTis of f 
companies consist cnlyin the economy of trftosport, but a 
in ahnost everything connorted with gas. Improremenll 
have been introduced in the means of carbonizing s 
purification ; mains have been increased threefold i 
the last 28 years; during that period cluy retorts hare b 
come almost universally applied; rast improTements han 
been made in the means of consuming gas, in order i 
obtain increased light therefrom ; also in the method of « 
trolling the pressure in the mains in hilly districts ; al" 
■which have been introduced within the last few years, 
these improvements the cost of the production of ] 
has been materially diminished, which has enabled 1 
companies to reduce its price to the present scale, with a 
vantage to themselves and to the benefit of the public H 
whilst the employment of gas has become more general, ' 
for its various applications to heating and cooking, as 
already enumerated. 

It may be briefly stated that the large quantity of coal 
consumed in a gas-works renders it desirable to avoid any 
superfluous expense in its transport ; therefore means 
should be adopted to attain that end, and although it may 
demand extra capital for its realization, when the interest 
of this is fairly oompitred with the saving likely to be 
effected, it will be fouud in all cases advantageous to 
choose the sit«, either in the immediate vicinity of a river, 
a canal, or a railroad. It is true that a greater length of 
mains may be required in some instances, which will enter 
into the estimate of the cost, but this will be amply com- 
pensated for. 

However, another point for reflection is the best noigh- 
boorhood for the disposal of the coke, as it is well known 
that the nearer the works are to a population, the more 
facilities are offered for the purpose in question. There 
are other circumstances depending on tlio relative value of 
property, the means of acquiring it, the nature of tiic 
grotmS, whether suita hlo for the economicol porvfttotOCviiu 
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of the edifices, or If liable to be submerged by heavy floods. 
These aro points ivhich demnnd serious attention. Lastly, 
the sanitary question has to be considered, by the adoption 
of a locahty where there is no probability of interference on 
the pai-t of the local authorities, who are too often disposed 
to be antagonistic to the gas company. 

Tears ago objections were raised against placing gaa- 
works in the lowest part of the district, in a town having 
a great difference of level, and where one part was con- 
siderably higlior than another. These objections were 
based on the fact, that the pressure in the mains augments 
considerably according to the increased elevation ; which 
augmentation ia usually estimated at one-tenth of an inch 
of pressure for each ten feet, or one inch for 100 feet 
of increased elevation, assuming there is little or no draught 
from the main. Thus if we suppose the most populous 
part of the towu to be situated 200 feet above tho lowest, 
and the mains supplying the locality to be charged with 
gas, then if tho pressure were at level gauges at the lowest 
point, it would be two inches in the higher localities j 
this existing throughout the whole of the day, the ] 
from escapes under those circumstances would 1 
siderable, This at one time was urged as an objet 
against placing the works in the lowest part of the distri 
which has, however, been removed by tho inventionB 
the main regulator to which wo will hereafter . 
Moreover, as the lowest part of a town offers the greater 
facilities for the transport of the coal, in the majority of 
cases this will be t^e most favourable position for a gas- 



It, however, happens very unfortunately, aceording'tooi 
observations, that the smallest of works, in whioh 1" 
strictest economy is necessary in order to cam a dividei 
are often situated a considerable distance from the railwi 
by which the cost of the coal is greatly increased. In ai 
cases, whenever tho question of extension may arlsi 
fibauld also be directed to a Tom.o\ai. ui ftvs ■s;(i\^, >; 



leoet the retort-liouBe, to a more eligible position, i 
gas is far, very far, from attainisg its full deTelopment. 

Plan of Wokks. 

The art of designing aad building a gas-vorks is genar 
ally beyond the requirements of tie gaa manager; but ^ 
in many cases be is left dependent on his own reeonroe 
we give a few hints with the hope that they may 1 
serviceable. 

Previously to the arrangement of the plan of works, tlw 
nature of the ground chosen for the site should be aso 
t&ined, which is roadily done by sinkiBg a pit to I 
desired depth of the foundations of the intended gafe 
holders, when a guide is obtained as to the mode of e 
struction and the cost. Should water be abundant withiib 
B short distance of the surface, then in most cases cast-iron 
tanks for the gas-holders will have to be decided on. If 
the substratum be of clay, ordinary earth, or gravel ; a 
brick, stone, or concrete tank for the gas-holder can bo 
constructed with facility and economy, according to tho 
nature of the material most available. Should the site be 
" made ground," that is ground which had formerly been 
transported from elsewhere, then extraordinary precau- 
tions in the foundations become necessary ; and shoidd 
rock be encountered, tho ijuGstion then ariaea whether it 
would bo more advantageous to excavate and build the 
tank in maaoniy, or avoid the excavation by erecting an 
iron tank. 

Lastly, in the event of the ground being marshy, the 
doptii of the solid substi'atum should be ascertained, whioli 
is accomplished by probing with a if-inch round ii 
in a vortical position, and In the event of tho solid r 
being found at a convenient depth, in many cusea it may 
be advisable to choose another site, ia order to avoid the 
rist and expense attending the construction in siioh 
ground. But when the solid is found at a reasonable depth, 
s s coitsidoratian -wheQier &q ^'^uwfo.'^'a's^ (i'^ 
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the wliole of the buildings shall be continued to that p 
or whether the foundations and holder shall be built 4 
piles. The limits of this work prevent us entering maXi 
into detail on these points. 

The price of building matoriala and their nature m 
also influence the arrangomont ol a plan of wotfca, 
some parts briclts and puddle are abundant and cheap; 
other places neither are to be hod, unless at an enorm 
cost for transport, which renders their employment entij 
out of the question. Whatever may be the nature of ! 
building material in the locality where the works are to 
erected, it is always wise to ailopt it, and should the bra 
differ in size with those used in England, it is unwise b 
costly to attempt to get others made. 

In designing a new works there aro a few rules to folloir 
and amongst them are, to construct in such a maimer, t" 
at a future period, when required, the works may 
increased without much demolition. The rotort-hoose n 
bo so arranged as to be doubled hereafter ; tho ground 
disposed as to admit of extra gas-holders, and e 
space left for increase of purifiera. The entrance of 1 
works ought to be placed, when practicahle, at that par 
the site, nearest the locality to be supplied. 

In the disposition of the various buildings, the manaj 
or foreman's dwelling should be at the entrance, i 
that all may bo under the immediate notice of the resid 
rosponsible person. The offices, store-rooms, and i 
bridge — for the purpose of weighing the coal as it ent 
and the coke, when sold by weight, as it leaves — 
immediately adjoin the dwelling. A plurality of eotraoi 
to a works ought to be avoided. 

For the purpose of preventing the expense of unneeessa;^'' 
transport, the coal-stores, coke spreading floor, and shed for 
coke should adjoin the retort-house. Sometimes a part of 
the coal-store is paved with bricks on edge, which servea 
for 8preadwg-&ooT, and for quenching the coke. 
The purifying-lioixse, tux tank, iime, aai otosi ■^ 
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material store, are generally separateil from tlie rest of tJ 
works, and placed where they may be considered the lea 
offensive, "When there is plenty of room the gaa-holdoi 
BIO usually placed at some diatonce from the 
huiidings ; but provision should always be made for fi 
extensions. 

Old works, which have been altered frequently i 
time to time, to suit the demands on them, do not afford tl 
same facilities for excellence of design as those of mo 
modem construction. 

The buildings of gas-works of the present day are fu 
Buperior to those of even twenty years ago. Now in t' 
majority of cases they are highly ornamental stroctureij 
ohtained by a superior class of gas engineers, at a sllglitl 
augmentation of the capital formerly rotLuired for thai 
masaivo unsightly edifices then in existence. 

We ate indebted to Mr. Wyatt, the constructing engineflff; 
of the Gas Light and Cool Company, for the drawings ofc 
the elevation and plan of a gas-worka suitable for a towO' 
of 10,000 inhabitants, which forms the frontispiece of thiS' 
Tolome. In the drawing the elegance of design, charac- 
teristic of that gentleman, is obvious, which is acquired at 
a cost not exceeding that of the plainest building a 
constructed, arisiog from the fact that all suporffuous 
material is dispensed with and only that actually demanded 
for the edifices, with suitable ornamentation, are adopted. 
As may be observed in the drawings, the whole is laid out 
with skill, the various buildings are so situated as to insure 
economy in the operations, and ample provision is made 
for extension. All the parts being described, no reference 
to tbe drawings on our part is necessary beyond the simple' 
statement, that the whole may be taken as a model cd 
design. 

The capital required for gas- works is variable : foB 
modem works from £600 to £800 per million feet per 
annum is about sufficient; or if tbe capital be eatimatai 
according to tbe population, from 25a. to S5b. "get VasA 
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DIMEKSIOXS OF RETOBT-nOUSE. 

is a rectangular building, covered usually with iron princi-j 
pals, and elates or tiles, and sometimes, altLoiigh rorely,- 
iritli aheet-iron. 

Tlio retort- houses of large worts some yeara ago 
limited to 50 or 52 feet in width, but they are now gonomlly' 
built 75 feet wide, whilst tho largest retort-houses of tho 
Beiikton works are 100 feet in width and 480 foi-t long. 
As fh'B work, howeTsr, is intended for those interested in 
email establishments, onr attention will be more particularly 
directed to them. 

For the very smallest of gas-works, having only ono' 
i«tort, no rule concGming the dimensions of the retorU 
houee ia roi^uisito, boyond the simple obBervation that for 
the proper working of the rake, a clear space equal t« at 
least, one-half more than the length of tho retort should 
be allowed. 

In small works, the rotort^house is usually about 26 
feet wide, which, allowing 12 feet for the width of tha 
retort stack with tho spaco that is usually left between it 
and the wall, together with the mouthpieces, leaves 14 feet 
dear for working. There should alwoj-s be an intervening 
space between the ends of tho stack and the walls of the 
retort-house ; as in the absence of this, when the stack 
abuts against the wall, the latter is bulged out by the ex- 
pansion of the brickwork on its becoming heated. In 
Totort-houaes of this width, of course only single settings 
of retorts can be employed. But when the number of the 
benches or ovens permit of it, then double benches, where 
the retorts are set back to back, with a iiring floor on oach 
side of the retort-house, are usually constructed. 

The flooring of a retort-house should always bo kept in 
good repair, the slorenly method of leaving it in recesses and 
ruts, as sometimes observed, ia reprehensible, as by these 
ruts the coke is jerked out of the baiTOW, and as the flooring- 
cannot ba properly swept after each diorgo, it ia attended 
with loss ; besides, in a gas-works, like every othei 
blishment, considerable order is essential to success. 
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The nob of some letort-honses are formed, as observed, i 
with iron principals and sheets, 'which may h& deeinilile 
where rig^d economy is necessary, but generally the eco- 
nomy is very misleading, as when iron sheets are exposed 
to the action of the steam, arising from the process of 
qaenching the coke, and the vapours of the retort-hoose, 
their durability when of ordinary thickacss seldom 
exceeds seren years. With galvajiized iron the duration 
is somewhat increased ; and unless Professor Barfs or 
Mr, George Bower's system of preserving iron may be 
found suitable for this part of a gaB-irorks, we would 
certainly recommend the use of slates for the purpose; by 
which, however, in conseq^uence of the principals and laths 
being required of greater strength than when iron sheets 
are used, the cost is materially increased. 

For ordinary small buildings the front and back wbUs 
of the retort-house need not exceed 9 inches thick ; usually 
the sides are made 1 4 inches ; and in oonstructing an essen- 
tial point is to avoid a draught passing through the build- 
ing. In larger works these dimensions are augmented 
according to the magnitude of the building. 

A few of the largest establishments have the retort- 
house very differently arranged to those of tlio great 
majority. In the centre, and extending from end to end, 
are a series of arches built on suitable piers. On these 
are constructed the ovens or benches, the piers of ivhich 
correspond with those below. On a level with the furnaces 
of the retorts there is a stage or firing floor, where the 
stokers work whoa charging or drawing the retorts. This 
is about G feet 6 inchos from the ground, and is commonly 
formed by cast-iron columns and plates, extending on each 
side throughout the length of the retort-house, leaving an 
opening of about two feet wide immediately in front of the 
fiimaees, through which the coke drops when drawn irom 
'• *-+ort into the space below, which is called the coke- 
»ke -vault, 
ke-vault possesses some advantages, for where it 
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exists the stokers are not exposed to the continaoiiH heat of 
the coko when drawn from the retorts which falls immo- 
diatdy into the vault, where it is quonehed by other men. 
Moreover, tlio fumaeea are also olinkered from below, 
which saves some trouble ; and the convenience of loading 
the coke direct into the carts from the coke-vaidt is also 
a recoramendation. The objections to the coke-vault are 
the expense in construction ; the coke in falling breaks, 
and is further iajured on account of the very limited space 
for spreading, extinguishing, and storage. There are few- 
works, and these only of the largest magnitude, which havs 
coke-vaults attached to the retort-houae. 

In large works of the present day the retort-houBO is 
employed as a coal-store, for whicli purpose their width is 
very considerable. 

Generally the ovens employed in large as well as medium 
sized works are built on suitable foundations, ensuring 
aolidity to the structure, and preventing as much as possible 
radiation of heat from beneath, In the event of the 
foundations being in gravelly soil, an increased thieknesa 
will be desirable to prevent loss of calorie at that point. 
The coke when drawn from the retorts falls into iron 
barrows, and is wheeled away to a separate place for the 
purpose of quenching. 

In retort-houses of this description, the tops of the ash 
or evaporating pans, are a few inches below the level of 
the ground, which is usually paved with fire-bricks on 
edge. Sometimes cast-iron plates have been tried as a- 
substitute for brick paving, but the metal conduota tha 
heat to the feet of the men with such facility, as to render 
it objectionable. 

The benches of the retorts are either placed side by 
side, the whole length of the retort-house, and having one 
charging floor ; or as in medium-sized works, where retort 
settings are placed hack to back. In this case a building 
containing say sixty single benches, thirty of them have 
their open ends or mouthpieces on one side of the letoTtr 
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house, tho oilior thirty mouthpieces teing on the othffl 
sido, and a 9-inch or H-ineh wtJl separates the benches. 
These are called single settings. This method was super- 
seded some yenrs ago by dispensing with the partitioii 
wall, and thus the two siugle bods form ono continuoin 
ovou, eacJi retort being about 18 or 20 feet long, opon 
throughout, and having a mouthpiece at each end, which 
are colled double beds, or through retorts. The economy 
derived from this plan is very considerable, but they con 
only he employed in large establishments, where there are 
lit least six stokers, to charge both ends simultaneously. At 
a works wo recently saw through rotorta changed to single. 

In deciding on the dimensions of the retort-house, every 
consideration must be made, not only of the present re- 
quirements of the locality to be supplied, but also that of 
tho future ; for gaa, even at the present day, is very Ju 
from being fully appreciated, and it is impossibla^l 
anticipate the various future uses to which it may^H 
applied ; but the experience of tho past demonstrates ^H 
necessity of making every reasonable provision for ein^H 
slon. It is ako important to havo a good margin, ^H 
not to estimate the power of carbonizatioa too highly ; ^M 
by unforeseen circumstances the supply of the ordi^^| 
coal may be temporarily dlBcontinued, when recourse X^| 
be had to that of inferior quality, which yields less ^H 
and in consequence reqiui'os more retorts. ^H 

No definite rule can be laid down for the dimens^H 
of the retort-house ; this must entirely depend on tho n^H 
of sotting, Witli one kind of setting having a gn^| 
number of retorts of given dimensions, considerably '^■'nl 
cool is carbonized than with another; it also depmijfl 
whether they are single or double, the kind of coal eiifl 
ployed, and other circumstances. I^t 

There is nothing peculiar in the construction of ^M 
walls of the retort-bouse more than other huilding^H 
the same height. Of courso precautions should be ta^H 
io seeui-e a good f onndation, to eixteu^ &<;i>)a«'a\i^ \swJcEfiM 
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and Tvhere necesBary to use piling or concrete aeeordmg 
to the natni'e of the foundation. On these pointa no 
general directions can be given, as the treatment mnst 
vary with the special eircumstaucea of the case ; the general 
role, however, applicable to ordinary foundations will 
apply here. 

The coat of erecting retovt-houses will of coiirge vary 
irith the price of labour and building materials in 
district. The magnitude of gas-works and plant ia 
generally estimated by their annual production ; thus a 
works of " twenty millions " signifies a production ot that 
number of feet of gas per annum, and in the height of' 
smnmer will produce about 30,000 feet, and in the very 
depth of winter about 90,000 feet, daily. In a works of 
sixty millions per annum the minimum production will ba 
90,000 feet and the maximum 270,000 feet per diem. In 
modem large works retort-housea ore built in blocks, hav- 
ing free communication with each other, and provided with 
a ventilating shaft constructed of wrought iron, having a 
valve or door by which the heated atmosphere of the 
building is considerably moderated, contributing much to 
the comfoi-t of the men. And to the credit of many 
engineers it must be said that the comforts of the men 
employed in their respective companies have had their, 
greatest consideration. In some gas-works bbraries are' 
established, in others baths and mutual benefit societies ; 
and there are gas-works that can boast of having a musical 
band, composed of the stokers and men of the establish- 
ment — dicumstanoes alike praiseworthy t« the employew 
and employed. 

The CoiL-STORE. 
This is generally attached to the refort-houso, witl 
every facility of communication for tho purpose of trana- 
porting tho coals. The dimensions of this buildiiig must 
depend on circumstances. If the railway is tho m 
of transport, then small stores may bo siifficient ; but ahoiild. 
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the ordinary means of obtammg the supply of coal be hj 
sea, river, or canal, then in order to provide agtunst 
ltn)bability of feost, or loss or delay of veBsel, the at 
should be ample for a proper supply, and whenever th 
are increased difiiculties in obtaining the coal the st 
fthould lit! augmented in proportion. It ia sometimea ad: 
iibl" U? have the coal-etore sufficiently large ao thai 
Biinimfr, when not required for coal, and coke ia abundi 
it can be converted into a store for that residual, "Wi 
employed as a spreading-floor it should by all moona 
paved with fire-bricks, as stone is liable to crack with 
heat. When not used for that object ordinary cams 
paving will answer the purpose. 

As already mentioned, it is highly desirabla that 
coke should be sold as speedily aa possible after i1 
produced. 

Pdrhtdjq-bodse. 

The purifying-house has the sides open, to permit a a 
current of air to pass through the locality and cany 
any noxious gases. There ehoidd also be a Tentilafoi 
the roof, so that in the event of the lutes " blowing," 
gas may escape readily nt the top. The roof of 
purifying-houso is usually of wooden principals and ti 
Iron would bo very speedily destroyed by the action 
the sulphur emanating from the waste purifying mate 
In some works the purifiers are uncovered, which has 
inconvenience of unnecessarily exposing tho men at ti 
to the inclemency of the weather, and ought always to 
avoided by a suitable roofing. 

According to a modem construction, the purifying-houae 
is built of a grotmd and two upper floors, of which the 
uppermost and lowest servo as reviving floors for the oxide. 

The purifiers are on Uio first floor, and in the centre of 
each purifier is a shoot, through which the foul oxide 
passes to the fioor below, and when requisite the door on 
the top of the shoot is luted, Sy Biet^UMi'ia.V wj-jliatices 
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the oxide is lifted from the bottom to the top floor, £ 
where it passes down a shoot into the purifier to he charo 
The saving of lahour and the rapidity of action are 1 
leconuuendationB to this Bystem of working. 

Engute, Boiler, asd ExHArsTEK-HouaE, 
In ih.e most moderate sized gas-works at the pres 
day the eteam or gas engine is an important auxiliar 
Formerly the only use for on engine in a works a 
pumping water, or for keeping in motion the wet 1 
puidfiers, and in many works of considerable capaci^ 
There neither of these were requisite, no engine exietec 
The use of clay retorts has caused motive power fcl 
working the eshauster to be introduced into works of a. 
dimensions, except the very smallest kind. 
In large works the engine, boilers, and exhauster, bein 
-■ nded by the same man, ate generally in the same 
I ■ iding. and more care is usually displayed in this thaa 
.'iv other part o£ a gas-works. The edifice is often con- 
structed with tasto, and is no doubt an indncemcnt to tha^ 
nion who have charge of the machinery to keep it elean^|B 
and in order with the building itself. ■ 

In small establishments the exhauster is generally adjoia^ 
iuj the retort-house, the stoker having charge of it. Thu 
Luiprovements recently introduced into gas engines, hym 
iluch they are rendered practical and economical motor^J 
'. iiild induce every gas manager to adopt them, Old 
■Mni of their safety, efficient^, and as an example tM 
ujuBumers to employ them. I 

^Station-meteb and Goveknor-house. I 

je, like the engine-houso, should only be accessiblal 
manager or foreman, or the man in charge. I 

' When there are several gas-holders together, it is noti 
I unconmioa for the station-meter to be placed close to thenij^ 
I and the valves of the various gas-holders fixed adjoining* 
the meter-house. On other occasions there ia a diatlncm 




J tor the purpose 
B pn>du(^ to a. great 
1 ot^ a IttTge Epaee, and a 
" t is piwentod. In 
8 are made of great 
» DcsT Glasgow is 400 feet higli. By 
la of tills all noxioas gaseB tliat ma; be generated are 
carried to, and issue from thu top of the chlnuie;, mthout 
tho leaat prejudice to the ii«tgbl>ourbood. 

Tlie largest clilmney for a gaa-works is that of the 
Bdilltnirgli Company, and is a fine piece of building, being 
1120 ffiot ubovo the level of the ground, perfectly plomb, 
1111(1 without tl sht,! test crack or fiesure throughout the 
linl^lil, The rro t therein, when in ordinary ■working 
i>i'i|i>r, 1* i>i]U il t uu exhaust of two and a half inches cf 
wiili'v— u stioig currout in an ordinary chinauey seldom 

J 
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excBedfl half an iueli esliauat. The coat of this Btacl^ 
with the lateral flues, was upwards of £4,000. 

Chimney etacfes for gas-works are constructed in Torioua 
manners, the simpleat and cheapest being the square form j 
but these nro somewhat unsightly, and, offerinf^ greater 
resistance to the wind, require to bo built strong accord- 
ingly. Some stacks are made circular and others octa- 
gonal ; the latter, when surmounted on a square pedestal, 
with a neat capital on the auDimit, has a remarkably 
good appearance, whilst the cost does not exceed that of ths 
circular form. 

Chimney stacks, unless when placed in the contro of the 
beds, should never be built in the retort^house, as they 
occupy the space unnecessarily. Whorovor constructed, 
tJiey rfiould always be detached, and, on account of their 
g^eat weight and height, extraordinary precautions are 
necessary in their fouodatdons. The area of these must 
ha determined according to the degree of solidity of the 
ground where erected ; the softer the soil, of course the 
greater will be the area required for the footings. The 
pedestal for the base is usually square, one side of which 
is one-eighth of the total height of the shaft. 

Stacks for gas-works aro always lined with fire-brick 
cither for a portion or the whole of the lieight. Sometimes 
the lining is detached fi-om the chimney, leaving a space 
tur a current of air to pass between the former and tba 
latter, which prevents the stack oracHng. Small chimneys 
nre usually constructed entirely of flre-bricks. 

A mistaken notion often prevails, that by materially 

trjntracting the stack at the fop, the draught is increased : 

this, however, as aheady shown, can only occur when it is 

'■f too groat capacity. The stack, although tapering on 

tsterior, is internally nearly of one uniform area 

.iiighotit ; there being ofi^seta at certain distances, accord- 

..^ to tho height and form. In erecting, every eight or 

itn couraos should be built with hoop iron ; when this is 

•Hot done the stack froquently cracks, afterwards demand- 
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ing tho uso of hooping on fhe exterior, wHch 
sightly. 

At many largo works a number of dwarf chimn 
oreoted, each of which is about a foot and a half 
feet square internally, and serves for three or four 
settings. Tho area of achimney compared with tho i 
of benchoe leading to it is the main consideration, ii 
tivo of tho height. 

Yory recently Mr. Yalon has adopted the us 
separate dwarf chimney to each bench of retorts 
bonoficial results, as the temperaturo of the sett 
maintained with greater regularity than by tho oi 
method, whilst any leakage from the retorts is 
detected. 

Tho ordinary chimneys in gas-works vary in heigl 
35 feet to 150 foot above the level of the ground ; ^ 
for a given height depends mainly on their intern 
and the nature of the foundation. The ground 
favourable, tho price of a square chimney, 35 feel 
with an internal area of 4 square feet, will not 
£35. An octagonal or circular stack of 8 foot ij 
area, and 60 feet high, under the same conditions 
former, will cost about £85. A similar stack of 
area, and 100 foot high, would be £180 to £200. ' 
there is no probability of a nuisance being occasioi 
low chimneys, for the ordinary use of a gas-works tL 
not required to bo more than 45 feet high. 
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Eetoets. 
PmaBy years after the first oatabliahment of gos- 
mg, the retorts generally omployed were of cast iron ; 
but about 1820 day retorts were mtroducod at Wolver- 
hampton, and from tlieio their use extended to Scotland, 
Ifhere during a considerable period they ivore countonancod 
b a limited extent; but only atout tho year 1852 was tha 
tttention of gas engineers generally direutod to the advan. 
iigea to bo derived from tliom. 

The ovils attending the use of iron retorts are nuraoroua. 
rhey are costly in thomaelvea, which is increased by the 
ixpenee of setting, principally occasioned by the use of fire- 
lay materials to protect them from Uio direct action of the 
ire. Iron retorts cannot be heated to the requii'ed tom- 
MJraturo to obtain the full quantity of gas from tho coals. 
[Iheir duration is alao very limited, averaging about six or 
nght months, each ordinary retort producing 600,000 or 
roo.OOO feet of gas, whilst tho average life of a clay retort 
nay be estimated at two years and a half, and producing 
rom 3,000,000 to 4,000,000 cubic feet of gas. In short, 
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(the ooet of iron retorts ia estimated at Gd., and that of] 

s at Id., per 1,000 feet of gas produced. Moreof 

e use of iron retorts is attended with another difficu 

g from the formation of the oarburet of iron on their 

or, which demands cleaning occasionally ; and in this 

wralion, a portion of the non-conducting material — the 

aburet of iron — lodges in Bomo inaccessible places, and 

revents the heat of the fuel in the furnace, penetrating 

I the coal undergoing the process of carbonization. 

aiother evil is that the iron becomes changed in its 

faturo, and loses its powers of conducting heat, ivhiQ!! 

Ptwoasions a groat expenditure of fuel for carbonizing. 

Besidea these and other defects, care must be employed to 

prevent the retort attaining that temperature ■which would 

be destniotive to it. Therefore, for these reasons, iron 

retorts are very rarely used at the present day, and then 

only in works of very hmitod capacity ; nevertheless, the 

fact of their being occasionally employed, is sufficient for 

us to refer to them. 

Iron retorts are uaeful in very small works, as in those 
supplying manufactories where the "make" is very irre- 
gular, and whore they are required ta" stand off" at inter- 
mittent periods. Under these circumstances the charge of 
coke is loft in the retorts, the fire is banked up, and the 
damper closed, for the purpose of retaining the heat, until 
the retort may be again brought into operation at a short 
notice. They are also necessary for experimental purposes, 
although possessing the defect, that they cannot be worked 
at the heat most favourable for the development, of the full 
quantity of gas to be derived from the cool. 

When in operation for any protracted period, iron retorts 
expand considerably, and after being worked some time 
and cooled down, a retort originally 7 feet 6 inches long will 
be found to have elongated about three inches. If this be 
put again into operation it will expand, but not in so great i 
a proportion ; however, it ia not uncommon for a retort such I 
as that mentioned, which haateoii xe^ocAe^is \vfesA.<ii wid ( 
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cooled, to expand five inches in leBgth. Therefon?, whei 
□Bed, the OTena of these should he considerahly longer thaa 
the retorts, otherwise the probability is that tlio fruiit vroB 
of the oven will bo bulged out, with tho risk oi breaking 
the ascenaion-pipetj — by no meana an tmcommou occur* 
rence at one time. 

When iron retorts aro required for future use, proviou»^ 
to being allowed to cool down tho carbonaceous incruHta 
tioD in tho interior should bo romoyed ; for, in tho event a 
this being allowed to remain, the retort Bomotimoa breaks 
in two halves, which is caused by the iron contractimg in u 
mach greater degree than the carbon. However, when thej 
oroworksd at a very low temperature, namely, at blood-red' 
heat as seen by daylight, tho duration of iron retorts is 
considerable, asnndor these circumstances little incrustation 
of carbon exists on their interior, nor is any appreciable 
deposit of carburet of iron formed on their oxt«iior ; but 
these advantages are dearly obtained at the coat of thtf 
production of gas ; as with this low temperature a yield o ' 
not more than 6,000 or G,500 feet of gas pur ton will b« 
derived from the coal. 

Clay Eetokts. 
The general adoption of clay rotorta wob very gradual^ 
and to then- use is undoubtedly mainly due the present 
great development of gas, alike for the purposes of lightings 
cooking, heating, and numerous other domestic and in- 
dnBtrial purposes. When first employed clay retorts were^ 
made from plastic fire-clay alone, when they broke into 
innumerable pieces, on being exposed to the degree ot 
heat necessary for carbonization ; and only after varioua 
repeated experiments and failures was tho proper method 
of making them imderstood. At the present day they 
are formed of a compound of plastic clay intermixed with 
granulated burnt clay, and tho greater the proportitfflS, 
of the latter in the compound, the more capable is tin 
retort to withstand the action of the heat wiUiovit i^iftuklu^ 
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.l^ch is tho prmcipol aim in manufacturitig them. 
<day for tJio maauiactui-o of retorts ib not required <AM 
Tery high degree of refractorinGHS, as the temperatn 
whioli it ia oxpoBed seldoia exceeds 2,200° Fob. 

An objeotion which was foimerlj raieod against the m 
clay retorts ie, that they are bo porous aa to permit the J 
to OBCftpo. This, however, should tho retort be of good 
quality, is erroneous, which any one nmy be convinced of 
by breaking one of thorn which has been in use for any 
length of timo, when it will bo found tbtit the carbon has 
porliaps poaotrated to the depth of half, or three-quarters 
of an inch, but shows no signs of having traversed tiio 
material. Generally clay retorts of good construction, 
when tho pressure ia very limited, aro not more porous 
than thoso of iron, unless they oro cracked or broken, 
_ which alters the case. 

^M As regards the objection, also raised at one time, that 
^H 'day is a worse conductor of heat than iron, no one will 
^■.dispute this ; but the opponents ot clay retorts did not 
^Btake into account tho vast quantity of this non-conducting 
^Bonateiial which was employed for the purpose of protecting 
^B&e iron retorts, nor did they consider the quantity of non- 
^Hflonducting material continually being formed on their 
^Bexterior. If these points had been duly weighed, day 
^^betorts would have had considerably less opposition. 
^H Although tho manufacture of clay retorts would appear a 
^Bvery simple process, there is a peculiarity of manipulation 
^^Un preparing and tempering the clay and in constructing 
^H&e retort, which, if not strictly adliored to, results in 
^HdEailure. In flrst-class hre-brick works a surprising amount 
^Hof care is taken with the clay. This after being extracted 
^^Hiom the mine is not considered suitable for the purpose 
^^^Btil it has been exposed for many months, and sometimes 
^Kjreara, to the action of the atmosphere, wMch acts chemi- 
^Hpally on it, and renders it suitable for the object intended. 
^B There are three forms of clay retorts generally in uao, 
^■jthe round, the D-ahape, and the oval Tho first is 
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obioctionable on account of the comparative limited a 
of the surface, and the irroguhir thickness of the chaxgi 
of coal ; the second is generally preferred on account"" 
of the 11 n if firm thickness of the coke derived from them ; 
whilst in our opinion the oval form is the beet. It ia to bo 
regretted that more uiufomutj of opinion does not exis^_ 
not only na regards the best shape of retorts, hut also i4^ 
&^ dimoneions ; as we are assured by a manufacturers 
keeps in stock upwards of forty different kinds of the I 
shape, that he is constantly requested to make ot' 
scriptions, in some cases varying only in the positiot 
bolt-holes, or perhaps a q^uarter of an inch in the brcadtll^ 
or the height. On the Continent the shape most generally 
adopted is the oval of 21 inches wide and 15 inches high, 
and which we strongly recommend whether for a setting 
•-f one or more retorts ; as this shape possfsses the advan-i 
_ro of the facility of drawing of the round retort, and tl 
i\i.'r of coke is about as uniform as when coal i 
idized in the D retorts. 
JJut clay retorts cannot in most cases bo worked advai 
:_-oously without an exhauster to withdraw the gas t 

tant it is produced, in order to prevent it reniainin(| 
.:i'.lor pressure, and exposed to tho rod-hot surface. 8houl 
. . retorts be worked at a high heat and the pressure I 
ii^-iderable, in the absence of the exhauster, tho beai^ 
Mlro-oarbona are deposited in groat abundance ii 
; ilo within the retorts ; at the same time deteriorating tl 
Jiio of the gas as an illuminating agent ; generating I 
.11- conducting material which obstructs tho interior of th*" 
".urt ; and requiring more fuel for carbouining. 
Llay retoi-ts, like those of iron, are of uniform thickness 
.i'lUghout, avoi'aging about 2i to 2J- inches, except at 
■ ■ mouthpiece, which is mado thicker for the purpose of 
■.-taining the bolts. The mode of sotting them is re- 
-ii'kably simple, requiring no guard nor shield tilos, and 
come cases tho arch over the fumaco is dispensoil with. 
-'..': mouthpieces o£ day TOioita are precisely aiiu3 i 
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of iron, but their eocketa and asconaion-pipeB are xeqru 
to bo larger; and thoj should never be less tban 6 indbei 
internal diameter, in order to avoid stoppages. 

For attacJiing tho moutlipieceB to the clay retorte, | 
retort for a length wf about 10 inches at the i 
made of considerably greater thickness than the other pi 
find in it are formed a number of holes for tho boltsj 
about IJ inch diameter, and G inehea long. At tho enq 
each of tho holes is a square orifice sufficiently large 
receive a nut corresponding with the bolt, which is n 
of omplo length. Tho bolts are screwed at both ends, f 
when about to attach a mouthpiece, the retort is had i 
horizontal position ; when, on the end being well weiM 
the bolt-holes ore then filled with cement or fire-clay u 
plastic state, and each of their corteepondiog nutsfl 
attached. The mouthpiece and the end of the retort r 
then both covered with a layer of about |-inch of j" 
fire-clay, intermixed with a portion of iron borings t 
Gol-ammomitc, in tho proportion need for iron cem^ 
This accomplished, the mouthpiece is carefully placed i 
its position, when the nuts are attached and screwed S 
gently. After a time, aa the joints become harder, 
nuts are screwed tighter, and on the cement becoming d 
by the action of the iron it ie rendered impermeable. ~ 
kind of cement is also very excellent for attaching t 
ascension and other pipes on a works, and offers the fac 
of being readily removed when desired. 

At some ivorfes brick ovens, or brick retorts, are i 
The distinction between the two terms is, that when oi4 
one or two large retorts aro built in, and occupy the a 
it is called an oven ; but whoa three or moro of them s 
placed in the same arch they are called retorts. For bot 
piuposes special bricks are necessary of a form and size 
to suit the structure. "Whore there ore several brick 
retorts iu a bed thoy are required to be built before the 
arch of tho oven is constructed. Each retort is fori 
oa a centre, wJiifh is afterwards ieHio\eA,aaio'a?iflia%w 
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the wall spaces between the tetorte, bolts mq bnjlt into 
the wall, wluch secure a caet-iron plate cmbracmg thft 
whole of the retorts in the bench. The space between th» 
wall and the plate is Me<l with fire-clay, or other suitabls 
material; this effected, the mouthpieces ore attached to 
the cast-iron plate. This syHtem haa been adopted foa 
many years at the South Metropolitan Works with success. 
However, it was tried at The Gas Company's Works v 
the opposite result. 

Brick ovens can bo built within the orch of the oven, 
although for that object men used to the work are indis- 
pensable. It is a singular circumstance that engineers who 
adopt brick ovens generally maintain their superiority, re- 
gardless of the quantity of fuel they consume. We had 
some experience with Grafton's ovens some years ago, i 
although tliey were very durable, there was the great draw- 
tack of the extraordinary quantity of fuel thoy demanded^ 
In our opinion neither brick ovens nor retorts are ocono- 
uical, for the simple reason that both of these are of much. 
greater thickness than ordinary clay retorts, and con- 
sequently they must demand more fuel, 

The principal reqturement of good retorts is, that they 
shall not crack when in operation ; and that such retortS' 
exist is beyond doubt, but they demand an especial kind of 
setting, for ii walls abut against them they must of neces- 
sity be broken. 

One of the most common defects of clay retorts is the 
facility with which they crack when in operation, giving 
rise to a considerable loss of gas if duo i 
observed. When a retort is coated with carbon an orifica 
in it is perceived by the brightness of the carbon covering 
it ; and in a retort in a clean condition any crack will b» 
observed by the bright streak it forms. In these and 
similar cases the defect should be remedied without loss of 
time, and for this purpose the best material that we knoTT 
of is the cement made by Richardson of Birmingham. ~ ' 
is mixed with water to tiie conskteiicy oi iivo'AaX) 
P 3 
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^■'Should tte hole be large it ahould be stopped by a piece 
^P'of firs-bricfc with the cement. Should the retort bo 
craokod, it can bo repaired by means of the "paddle," 
which conaista of a rod of inch gan barrel six feet longer 
than the retort; on the end of this ia eoilod some rojie 
yam for a length of 9 inches, making a cylindrical pad of 
about 3 inches in ditimoter. Whon required for use tho 
pad is well wotted, and a quantity of cement is placed 

theroon. It is then inserted in the retort, when by pressing 

the pad and cement against the crack, and turning the 
paddle round, the cement ia forced into tmd closes the 
I aperture. By these means most cracks or aporturea are 
■ Wadily repaired, and the retort ia immediately ready ; fire- 
Eday is sometimes used, but it does not adhere like the cement, 
ffcesidea the former often breaks away after being placed. 
The price of a setting of clay retorts, including founda- 
tions, oven, furnace door and frame, ash-pan, fire-bars, 
■Wck-stavoSj sight-boxes, retorts, mouthpieces, two lids, as- 
n and bridge pipes, dip-pipes, and hydraulic main — in 
fliort, the bed complete, with all its aocosaories — is generally 
Jeetimated at £15 per retort, so that a bed of seven retorts 
f average dimensions, or 21 X 15 by 8 feet 6 inches lonp, 
Jwill cost about £105. The average durability of gooil 
lay retorts may bo considered about two and a half jear:^, 
Pairing which time the expense for fire-bars, repairs to fur. 
rnace, &c., will not exceed 20s. per retort. The duration oi 
f 'Iniok ovens in some works, is often four and even five yeara. 
The arch of ovens oaoo properly built will last several 
jjrears. Taking down retorts, and replacing them with 
ones, including labour, materials, &c., averages 
£6 por retort; so that replacing a setting ot seven day 
torts would cost about £42. When double retorts 
e used, the same estimates per mouthpiooo are ajjplioabla. 
Eetort lids are very commonly made of wrought iron, 
bad stamped with a ridge to support the luting. They 
B considerably lighter than those of cast iron, which is 
■ pTmapai reconnneniation.. ^OTcwaAj eK)m^!sc«3&\i^ 
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labour iras occasioned by lifting off and roplaeing I 
cross bar and toy to eocure the door of the mouthpiM 
at each charge. This is now generally avoided by a 
ing the cross bar 'with a hlcge joint to one of the orme a 
the mouthpiece. By this arrangement all that is requi 
when drawing a charge is to loosen the koy, and allow t 
(ro89 bar to swing on one ride, and when closing ( 
the bar swings hack into its position, is aecurod by fi 
con-eaponding stud, when the key is screwed up. 

Oh Eetokt Settings. 

The disposition of the retorts in the ovens, 
uamier they are placed or set, ie called the "Bottinp,'* 
:li1 the judicious arrangement of this part of the appa- 
:.;tiLs in gas manufacture, is of the utmost importance; 
lor on this mainly depends alike the economical pro- 
duction of gaa, the use of the minimum quantity of fualJ 
ior carboniEing, and economy in labour. ■ 

Setting retorts comprises the constructiou of the ovettf^ 
and furnaces; properly placing, supporting, and protect- 
:'jg the retorts; arranging the passages between them so 
;.^ to eq^ualise the heat throughout ; and making the com- 
munication with the main flue ; aud to approach perfection j 
in this, there are several points to be coasidered. J 

The foundations of the retort ovens should be Bolid ao^l 
suf&ciently massive to prevent the loss of heat at that J 
pai-t. lu iron retort settings, all superfluous brickwork in 
tlie interior of ovens should be avoided, leaving only that 
necessary for the proper support of the retorts, and the 
proper protection of shields and firo-tiles to guard them from 
the injurious action of the excessive heat. All moans to 
prevent the radiation of heat from the exterior of the 
setting should, so far as practicable, be adopted ; for oil 
}ieat lost unueoesaarily fi'om this cause is so much cote 
lout without a purpose. The openings or nostrila for dis- 
, tributing the heat from the furnace shoidd always bo 
mply wide. Many instances have ocronei ■^^I'sw tlifl 
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mace has been at on intense degree of temperature, 
pfiie retortB abovo could not attuia an ordinary heat, 
Moount of the passages or noatrila being contracted, 
easential point also is to iiave complete control orei 
damper leading to the Hue ; for if t^|'" be too much pi 
and tho draught strong, a great incretise of fuel is necesi 
without any good roault. Lastly, whilst due eonaidera 
should bo had for the comforts of tho stokers emplt^ 
all useless loss of heat in the retort-house should be 
vented, and for this object the building should not 1 
too many openings, as doors and 'windows ; and when 
shafts or ventilatoia aro constructed, those should 
provided witU valves, to shut or open, according to 
weather or the season oi tho year. 

The rules to bo observed in setting clay retorte 
however, not definite, for whilst some engineers em' 
no brickwork in the interior of the oven, except that ■ 
for auppoi-ting the retorts, tho stops, and the quoj 
which carry the retorts, which in our opinion is tho pn 
system ; other engineers place several transverse i 
within the oven by wliich all the retorts are surroiiD 
Wo believe the necessity for these walls arose, in the 
instance, from the imperfect manner clay retorts war 
one timo made, when they cracked, and the walla i 
introduced to keep tho pieces in their places. 

There are, however, other dohnito rules which nj 
equally to clay, or brick, or iron retorts ; namely, iaasn 
as tho fuel used for carbonizing is generally coke, 
furnace of the setting should ho adapted for oonsnn 
it in the most advantageous manner. This 
plished by making the furnace narrow at the bottom 
of a, good deptJi, in order that the air in passing, is 
progress through the thick layer of fuel, is heated • 
very high degree, and afterwards its caloric is distxibi 
throughout tho bench. Formerly, in building n 
furnaces, the steam boiler furnace was copied, by 
Benting a large area for the paBsage oi fee mi wA-^Aai 



■ CLINKERING FCBNACES. lOl 

he fuel in a thin layer. This eystem, although odmirabU' 
'or consuming coal where a slight current of air may bo. 
ieairable to intermix with the carbon vapours, and wberft 
1 certain quantity oj heat of comparatirely low temperatun 
is required (aa in the eteam boiler), yet in the gas furnace^ 
in ■which great intensity of heat with a limited supply 
of air are wanted, the deep and narrow furnace is, beyond 
all doubt, the most deairablo. 

The furnace bars aro invariably of wrought iron, as cai 
iron is rapidly destroyed by the heat, and generally baiw 
of 1 1 or 2 inches square are employed alike for the furnace 
bars, as for the bearers. An important point la that tlie 
furnace bars should project to the level of the front wall, 
as shown in Kg, 4, page 112, and other engravings, and 
thoy should be placed loosely on the bearing bars. It will 
be observed that a small space is left immediately beneath 
the door, through which a current of air is continually 
passing, which prevents the door frame from being acted 
upon by the heat of the furnace. 

The axrangement shown is particularly well adapted for 
medium and small-aized works — indeed, for all works 
where the furnaces are clinkered from the firing-floor — aa 
the smaller clinkers can be removed without opening the 
furnace door, by simply moving the bars and applying the 
rake ; but for tho usual process of clinkering, which, witli 
moderately clean coke, that is free from iron, wiU be 
required once in twelve houra, the coke wiU have to be 
drawn from the furnace, when the oUnkei's are removed, 
for which object the loose bars offer great facilities. We 
have been very esplicit ou this matter, holding the opinion 
that it ia the best description of retort fumaoe, and which. 
we can recommend to the reader. 

As the smaller settings of one or two retoi-ts require 
comparatively a larger area than others of five, sis, or 
fleven retorts, no definite law of area can be applied unde* 
the different conditions; moreover, this is a subject oB 
wUeb there ia conjsiderable divisiou o£ opudou. H.Q'V^W 
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in accordance with our experienco, for a. bengh ot tixnH 
oval retorts 21 X 1^ X 6 feet long, -wo bolievo a fomaM 
5i inohea wido at the bottom, 3(5 iiichoa long (that is, ha " 
the front of wall to end), and 10 inches high above fi 
top of fuxaaeo bar with one fire-bar, ia ample. 'Eat 
bench of five retorts tho opening at bottom will bo rsqu* 
of 7i inches wide, with two furnace bars each 39 ini 
long ; and for seven retorts the some width, with the btOj 
■12 inches long, will be ample. 

A great want in gas manuf acturo is a kind of bidck 
that part of the furnace in imniediato contact with 
coke, which is the most vulnerable point of a clay re 
setting ; for whilst all the other piois, such as the retoit 
and their supporta, will often last three and four years, 
bricks in the immediate vicinity of the coke are eaten m 
very perceptibly in the course of a few months, and 
quently the firoplaco ia incrcaaod considerably, with a laqg 
augmentation of the fuel account. Tho Ewell bricks 
tho best kind known to withstand tho boat, and are ge 
rally used for those parts of a retort setting whero the hi^ 
cat heat oxiata ; but, unfortunately, they are of that 
nature that tboy are easily broken by the ctinkering bar, 
are therefore unsuitable for the lowest part of the fomaif 

In the course of time, however, as the bricks 
away, by some onginoers tho aides of tho furnace 
patched up from time to time with firo-clay ; but, 
the fire-brick, to the extent of 9 inchea thick, is remttTBi 
and renewed with now material. JFor this purpose tbd 
setting ia put out of action and allowed to cooL Thi 
mouthpieces of the retorts, which are liable to be disturbed 
ia tho operation, are then strutted. Tbia effected, the dtW 
and frame are takeu down, and the brick-work in the troni 
wall cut away, ao aa to allow the man to work. The burnt 

. bricks of tho sides of furnace are then cut out and renewed 
by others, which accomplished, the front wall is built up, 
when in a couple of days, by the i^loii. Pido^tud, the setting 

Js agaia ready for firing. 
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I. 3 and 4 represent the mode of eetttng one cast-is 

1^ in an oven, which, with a eliglit modificatiou, 

illy applicable for a clay retort. In Fig. 3 the hon 

Blown partly in elevation and partly in ctohs 80cti(B^ 

igh tho line b o in longitudinal section; f ia **■-■ 

, a the retort, p p p p are piorH which support 

lay dabs e s, and on which the retort repoaes. TI 

i extend from the front wall throughout tho wl 

Bth of the oven, but having an orifice at the end e 

■wall, as seen in Fig. 4. Inunodiatcly in the centre and 

I the top of the oven is a small flue, e, of about 5X3 

. leading into tho main flue, a. Tim small fluo 

municates with the oven by the orifice n, and near tho 

I is the damper d to control the draught. When 

fcperatiou the fuel in the fumaco radiates its heat to the 

t immediate vicinity, whilst the currenta of heated air 

lass in the direction of tho arrows up the end 

Che retort, and then along the top to the orifice n; 

a enters the flue E, where it ia controlled by the dampeij 

h slabs s 3 are placed to protect the iron against the vivid' 

a of the heat in the furnace ; but in the event of a 

y retort being set in the same ovon, only tho two slabs 

" ' over the furnace would be required; and if 

iretort were of doubtful quality it might bo nocessai^ 

lace some supports to retain it in tho event of 
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; kind of sotting of threo iron retorts ia i 

iented in Figs. 5 and 6, page 113. Fig, 5 ahowa 

t the elevation, also half the section within the front 

through the line a b. Fig. 6 ia the longitudinal 

1" section. Inunediately over the f iu:nace is an arch, a, which 

ojctends throughout tho length of tho oven, for the purpose 

of protecting the retorts from the OKcessivo heat of tho 

hiel in the furnace- There ai'o five tiaiiaveTao NJallfi, io w w 

I whioh are placed a numbei ol tia-^aJo* ^'^* 
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tending over tho wLolo surfacG beneatli tho lower retort 
fnim tlio front to the book wall. Four nostrils oxu loft 
on Godi eido of tlio arch cominimicating witli the opet 
by tlio aide of tho retort, for the current of caloric, aa 
caitod by tho orrowa. Beneath theee openinga there 
uriiiceB in tho wall which extend Uiroughout, and ore ^ 
tended for clearing out any accumulation of carbuiate of 
irou that may collect. Those slabs, e, on which are placed 
tho two lower retorts, literally form tho "bench," and 
to protect tbo retorts from tlio most violent action of tL>i 
heat of tho furnace ; tho curved fire-tilo ehielda at the eiil 
answer tho some purpose. To support these curved shielil; 
a brick on odge b is placed over each transverse wall. Thrw 
piers, p p p, each surmounted by a fire-slab, carry the top 
retort. In the crown of the arch are three nostrils, nttn, 
communicating with tho small duo, which is in conummi- 
cntion with tho main fluo l, but soporatod by the damper d. 

This is tho simplest of settings, and was adopted during 
many years ua tho most successful and economical. But 
had the groat iniporfanee of the exhauster been under- 
stood, thoy would havo been appreciatc-d to a still highffl 
di.'yrco, and ouormous quantities of coke would have heeu 
saved ivhieli wero permitted to flow away uselessly in its 
gaseous state. Unfortunately, this Bystem is often imitated 
at the present day, as with a good draught and an open 
damper every facility is given for dissipating the coke to 
the atmosphero without attaining any good result ; more- 
over, with an excessive draught and consujiiption of fuel, 
oftou the hoata, instead of being advanced, are retarded. 

It is almost unnecessary to say that all porta of tio 
aetthig iu immediate contact with tho fire should always 
be of good fina-bricks, for at least a thickness of 9 
inches, built with fire-day and as thin joints as possible, 
tlie bricks being proviously moistened. In the furnace, 
double that thickness will bo necessary, placed in such a 
mannci', that tho furnace can be repaired as already 
stated, when desired. The furnaces should bo constructed 
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of tho bost bricka that can bo procured, Some descriptii 
of Stourbridge bricks, and others called "Dinas" bricks, 
aro reputed to be good for tho piii-pose ; but according to 
gonoral opinion, to resist great heat tho Ewell firo-brick ii 
tho best. 

Some years ago a tlieory was adopted by a gas engineor,^^ 
that the heat necessary for carbonizing with clay retorlfl 
was oscGBsive, and that a portion of it as omploycMl in the 
ordinaiy way was lost; hcnco it was suggested that th( 
excess of heat of the clay retorte should bo used to heat 
those of iron, which metal being a better conductor of heati 
would allow the caloric to puss freely to tho coal under 
carbonization. This led to one or two patents, which, like 
many other InTontJons, have been only supported by tha 
reputation of the parties moat interested, who in this case 
pretended to bo enabled to heat a bench of iron retoria 
of equal number and capacity as those of day, with the 
"waste heat" from the benches of the latter. In addition 
to this various other plans were adopted, such as by placing 
iron retorts in tho oven with clay retorts, tho formee 
being at the most distant point from the furnace. Or, ii 
other cases, there wore two ovens tho one above tho other , 
the clay retorts being in the upper oven were heated 
directly from the furnace, and the current was conveyi 
to the lower oven. And in some instances tho ovens we 
set side by side, the clay retorts being heated by the fur- 
nace in the usual manner, from whence the heat pasat 
into a setting of iron retorts ; thus if wo suppose 
retorts to be placed in each ovon, the fourteen retorts woul( 
be heated by one firo. 

Since the days that that theory was proposed, wo havi 
become moro enlightened. "Wo now know tho value o 
keeping rotorts, whether of iron or day, at the proper 
perature, in order to^obtain a fair yield of gas from tlu 
coal. We also know that tho supposed " waste heat " wi 
nothing of the kind, simply because if that had bei 
employed, tho dampers would have been dosed in tht 




otir attention, 

of retorte. 

V^pi^to le fcvl a tiiSiag matttv, 

r^wm^^toSepA, and for that jmr- 

i amt imtaag an the subject, width 

, ™H^j» Sity millinna J 

1 of fael TS8 t 

^lAairtTBfK cert, flftihe cote podnced. Ther 

r eatcRd, and (m inree 

I ftat tibe xrdws of tbo famacee, wbiiltJ 

f 4| iada thid^ irrav left as they were T 

I of sand aver thtaa ; and such n 
(nnpentoro (rf the sand that a pioco of wood when | 
ii> it was epecdOy charred. Besides this ths front ^ 
ill no greater tMcknees than tho arch. Honco it Vi 
oiirpriilng if tho heat rodiatod to the extent to cam 
KHiraoTilinKry nee of fuel mentioned. IIowoTer, wh« 
IIiliifciiDM of tho front wall was increased to 14 i 
iiiul llm t<>[i of Iho ai'ches made solid with hack 
lli<i llili'tuuitw of 18 inchoB, tho fuel account was d' 
lnMH tliiiu liiilf, or about 32 per cent, of tho coke prod 
ICiiim llili wn gftfhor tho great necessity for havi 
thi> XnIIm i>r n M'ttirtg of ample thickness, and whe^ 
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mi loss of hoat by nuliation the fonnpr shoulrl I 
ted up. In short, calorie is a commodity of valuq 
I although, not so tangible, should be regarded witj 
me degree of caxe as coal itself. 

9 OF (jLiY BeTOATS, BbICX OvBHB, AND BBICK 

Ketort3. 

pth the introduction of clay retorta some modificatiai 

~e in the manner of setting them, hut according ti 

qperience they were originally set in a manner idea 

■with the iron retorts, Figs. 5 and 0, irith the oxcc^ 

■ that the side ahields and the slabs were diapeneei 

. 7, 8, and 9, page 116, represent half cleratioiu 
f settings of one, two, and three clay retorts a 
I by some engineers. According to this system aa 
|ia built immediately over the furnace in order to 
it the lower retorts, whilst the interior is ao arranged 
■ e current of heated air is compelled to pass at leaoi 
long fho oven. The method of retaining the arch 
bpted by the majorilyof engineers, but in our opinion 
I nnneceBsary, and that its use contaibutea to a great, 
tecpenditure of fuel. 

The simplest Betting of clay retorts with which we arft 
acquainted la represented by Fig. 10, half in elevation 
and half in section, Fig. 11 being tho longitudinal 
section. This is unlike the Betting of three iron retorts 
nJready described; for instead of tho caloric passing 
oS at the top of the arch, it is caused to pass towards tha 
back of tho bench, where there is an opening in tho stop 
D. It tlien returua to tho front of the setting, enters the 
flues under the bottom retorts, and thon passea up the 
flues at tho back indicated by dotttnl linos and thonco off 
to the main flue, at tho entrance of which there i 
damper ; which, wo cannot repeat too often, is of paramount 
hnportance in a retort bondi. On ttc introiucWo"!! Cii liaiJl 
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^^Mrl«, IB eoBseqii^wn of their lialiilit^ t> 
^KIk to pnveot tbe pttmot the retrat becnming deta 
^^■i dnalf stated tESnnaw irsHs '««re introduced, v 
IB aUitLoii te aaiiag BeiioQS obatnictions to the pae 
of tbe caloric, wrae prodnctiTe of another serious e 
wicB tfacM vsib ftbat against the retorts, by the e 
di tb bridwoA Ais latter most of necessi^ crack, 
vhan Kbnti Iisre beeo set isolated from the brii 
wv fasts MCB thsm tak«i down after long service in j 
«BOTa pteea, which conhi never be done when the t 
rerae walls are built against them. 

By the setting jost deeertbed, the retorts are e 
the direct action of the heat, and carbonization i 
with k kiw peraaitage of fueL For this object, hown 
ntotts ot extracvdinary good quality, which are not 
Mpdhltf of craa^ing with the heat, aro indispensable, i 
duew eoold always be assured, nudoubtedly a comp^ 
AaD^ would take idace in the present method of a 
atnoting retort boiches 

It may be ranarked. howerer, that a great diTerdtfl 
opinion exists conceining the subject under considera^ 
for. » will be shown, some engineers approach very nea 
the s y a tan already described ; whilst others plaee a numM 
of tmi*nn« vaUe within the oven and abutting on ^ 
nlorts; and others again adopt the middle course, ' 
hariay saiall aepantions of brickwork in order to c 
the cnrn-nt of heat to make a circuitous route, by v 
it ia supfxised that the caloric b retained within the o 
« longer time and becomee more effective. 

It has be«i pretended that by the introduction of t 
T«n« valla in the ovens to support the retorts the pasaftge 1 
of the h<«t is not impeded ; but to refute this error ' 
we hare otdy to refer to tlie shield tiles and tlie sialic 
Wl}Joyed to jvotect the iron retorts, which do their dir.y 
•flh«taally; hence it follows that if a non-conductiu- 
' tl impedes the heat in one case it must also do so iu 
I otbtr, Thereiore it ia o\\ieiA ^ila^, llieae walls do 
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obslnict tiie heat, but if reliable retorta could be assure 
they ought and should be dispensed frith. la 
instances, however, transverse walls are employed to-' 
divert the passage of the caloric in order that it may 
a more circuitous route and be retained longer in contact 
with the retorts. We hold the opinion that much of thi» 
is not productive of any good resulls, and particularly as, 
according to some of these Bystems, the current of calorift' 
leaves the setting at the very hottest points, and of necosaity 
under these conditiona it must carry heat away from thi- 

Fig. 12 representsafiettingof fiveovalretorts, shown half 
in elevation and half in section, through the line b o of Long!' 
tudinal section Fig. 13. This resembles the setting of three 
.storts on page 117, the principal diSerenoe cousistiug in 
the upper side retorts being placed on the lower ones, and 
supported by three saddle-pieces, the whole of the space 
between the two retorts being closed as seen in longitudinal 
section. At the side of the upper side retort is a atop, a, 
which estends from the front wall to within a foot of the 
baek. iF^Tien in action, the heat acta directly by radiation, 
and as there is no obstruction offered to it, wo believe it 
must be highly effective. The current of caloric passes 
to the back of setting, returns by the orifice at the end of 
the stop by the side of the two retorts, and then enters the 
flues under the bottom rotorta, and from there passes to 
the vertical flues shown in dotted lines in Fig. 12, and 
partly in section in Fig. 13. 

This simple setting is in use at some works in the North, 
but they can only be employed where the retorts can be 
well rehed on. "With good retorts this mode of constructing 
benches should become general. 

On page 121, Fig. 14, is shown a method of setting five 
retorts differing materially from Fig. 12. In this, as in 
all the other settings hereafter referred to, we find the arth 
adopted over the f'jmaee. The variouB &uea ft^ua-sn. ate 
tot coBvejing the current oi caloric 'back'satifi ttai. \w- 
a 2 



RETORTS AND RETORT SETTINOS. 




^^ KKTOHT SETTEBS. 13 

wards through the oven, so as to retain it as long i 
t»nTenient in contact with the retorts. On the same p 
b also given the half section and half elevation of a b 
d nine retorts, as used at large works. 

Similar views of settings of six and seven retorts a 
^cnin Figs. 16 and 17, luidinpreeentiiig those dmwingi 
vhjdi are obtained from different eources, we giTo du 
ideas generally entertained on the subject in questioai 
tlthDugh, according to our opinion, every facility shouli 
!" !^ven for the diflusion of the caloric as in Figs. U 

i 1-3, and only by these means can strict eoononoy in thi 
■ .,-A tor carbonization be obtained. 

In setting retorts, as in most other questions connects) 
with the manufacture of gas, engineers are not decided a 
dte niimber of retorts that should be placed in Trorks o 
any given magnitude. And although for small 'works, 
where the production of gas admits of no choice, yet is 
medium and large sized works we find in some instances 
Bettings of five retorts are preferred, whilst in others six, 
seven, eight, and even ten retorts are placed in a bed. 
Not is this diverai^ of opinion confined to the numbef 
of retorts, but it apphes also to the mode of conducting tha 
caloric. In some instances this has to make a circuit of 
four times the length of the oven before reaching the- 
main fine, which by some is considered the perfection oi 
setting. 

Here we would advise any manager who experience* 
any difficulty in heating the retorts uniformly to the re- 
quited temperature, and at a moderate expenditure of fuel, 
pither to avail himself of the services of professed retorfe 
setters, who are to be found in several parts of the" 
kingdom ; or to obtain good working drawings of sottingfl) 
which are to be procured from gas engineers, or from so" 
manufacturers of fire-clay retorts. The amount of 1 
incurred by indifierent settings is beyond belief. 

Brick ovens and retorts were used at several works 0^ 
the Coatineat long before day retorta weie iatoittnw 
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These OTens were generally made to contain about tea c 
of coal. They were charged with the ehovel, and bei 
directly over the furnace, which waa of large dimei 
they were olvrays readily mmntained at a good 
indeed, common defects with them were, the high t 
perature, the accumulation of carbon, and they were c 
quickly burnt through, which made itself evident I 
brightnesB of the carbon covei-ing the orifice. For n 
already given, we firmly believe that brick ovens cam 
bo employed with economy by any gas company. 

But that brick retorts may be more successful wo 1; 
a proof at the South Metropolitan Works, where thery i 
and have been, generally employed for many years, 
retorts are sometimea used at large works in the de^ 
winter during the heavy lighting, on account of 1 
offering the facility of being heated and let down wi1 
any material injury by cracking. This appears 1 
one of the great points of advantage, arising from 1 
numerous bricks of which the retort is composed ; and (3 
any expansion or contraction occurs over all of the numer^ 
joints, so that only the most minute interstices exist, i 
avo stopped by the first charge of coal. 

However, brick ovens or brick retorts requiro men fl 
are accustomed to the work to build them ; hence, 
these circumstances, they cannot be of interest to the g 
reader. 

Our pages are unsuitable to describe all the details <^ 
setting of retorts. We have, therefore, limited ouxs^ 
to the drawings presented. 



CHAPTER Vni. 

THE KTDRAULia MAIN AND VALVES. 



Hydraulic and Slide VoJvas — VarioiiB Kinds of Valves. 

I tydraulic main constitutes the first application 

rocess of gas manufacture of that beautiful contrii 

■ called the water-joint. It ia this contrivance whii 

Idee the chemist to store and confine his gases in Hba 

beTH of the pneumatic trough, and thna by the use of' 

r fluids, such as water and mercury, to imprison the 

( Tolatile forms of gaseous matter in a mode which, 

and aubtilty, infinitely excels every contrivaTioe 

bere mechanical fitting, Thia valuable principle of 

the aiiriform fluids by means of denser fluids, 

Kgh which they can pass in one direction but canuot 

"a the other, ia applied to the lutes of the puriflera, 

1 gas-holder, and, in fact, in every one of tlie appli- 

^ connected with the collection, storing, and diBtribo* 

I of gas. At present it may be sufficient to pointj 

ption to the value of this property derived from thtt 

Brent densities of fluids, which gives both, to th* 

ist and the manufacturer a power over the acrifona" 

I, which they would in vain strive to obtaic bv anj^ 

x means. 

|he apparatus in question sei-ves the puxiiose of a Berie»| 
^draniic valves for all the retorts, and ii, i"n ft^^ eKcV^ 
t of g^-Ughtiag, such a contrivance had n.(j\. «xva>'^^> 
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L ascension-pipe iroold have had to be provided wrSi a 
rate valve, or tap, occasioniDg considerable labour to 
mt and open them every time the retort was charged. 
B addition to thie, the risk and loss would also have been 

The hydraulic main is self-acting, beautifully simple in 
its construction, and, with the least care, accident or loss 
from it IB almost impossible. It conaists of a tube or trunk, 
Bometimes of cast, but usually of wTought, iron, varying 
from 12 to 24 inches diameter, extending the entire length 
of the retort ovens, and, when made of cast iron, it is 
generally about S of an inch in thicknraa. 

Cast-iron hydraiilio mains are generally of such a length 
as to reach over one bench only, and the joints are made 
with bolts and nuts and cement, or with hempen gasket, 
in the usual manner. In old works the hydraulic mam u 
often a circular tube, but in modem works the D-shapeJ 
main is usually employed, with the flat side upwards. 
Wrought-iron hydraulic mains, however, on account of 
their lightness and strength, have recently superseded 
those of cast iron. They are made of larger diameter and 
in longer lengths than the others, and have the further 
advantage of being to an extent flexible. 

The hydraulic main when first put into action is suppUed 
about half-full with water; but in the course of opera- 
tion ; the tar passing with the gas is soon deposited in it, 
displacing the water; thus the tar evolved in the caiboni- 
zation speedily becomes the sealing liquid- 

The end of the dip-pipe ia immersed to a depth of one 
inch in the hquid in the main, and during the process^' 
distillation, the gas passes from the retorts up the ascenaioE 
pipe, through the bridge-pipe, down the dip, bubbl 
through the liquid into the space above, and from then 
issues to the apparatus for purification. 

Each of the pipes thus dipping into the tar of t 
hydraulic main freely delivers the gas produced in its OM] 
retort, and sfisctuallj prevents its letom., 'S.'ysesBfKMi 
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rouB may be the pipes dipping into the liqmd, wIh 
they contfdn gas or not, and whether the retorts 
irorking or otherwise, it ia impossible, under ordini 
ariiuiiistancea, that any gas once arrived above the eurfi 
of tar in the main, can return back again, as each pipe 
hermetically sealed by the tar. 

The length of the dip-pipe, -with the part of bridge-pipe 
to bridge, should not be less than 2 feet 6 inches. li 
is obvious that the pressure of gas from the working 
retorts mil force the tar up a ehort distance into the dip- 
pipes of those benches which are out of action. From thia 
cause, however, no inconvenienoo is likely to be experienced; 
but in the event of any obstructioa occurring in the vorks, 
and the gas having no other means of escape — should the 
dips be too short, and unconnected with the bridge-pipes, as 
when under repairs — the gas would issue from them. As 
the hydraulic main is generally half-full of tar, its diameter 
must be so regulated that the tar forced up into the dip- 
pipes of the retorts out of action will not so far diminish 
the depth in the main as to unseal them, because thia; 
would simultaneously unseal every one of the dip-pipeiy' 
and the gas would immediately escape from the i 

Sometimes each length of the hydraulic main is provided i 

with a partition, the top of which is level with the Burfaool 

of the fluid ; the object of this is to maintain that surfaoBi 

continually at the same height in every part of the main. 

Of coiirse where so much depends on the effective sealing 

of the dips, every care must be taken to fix the hydraulic 

main in a perfectly horizontal position from end to end. 

L According to EQOdem practice, the tar is allowed to flow 

I from the lowest part of the hydraulic maia. For thiB 

I purpose a small tank, closed at the top, ia placed at the 

I and of and cloae to the main. Two pipes, one for the gas the 

F other for the tar, connect the tank and main. Thus the tae 

I Sows into the tank, and from there to the deposit. 
The hydrauhc should always be placed at aome diatanoa 
aiore the stack of retorts, at Iflaat twelve unAi^a, ia oiftli 
G 3 J 



I 



THE HYDRAULIC MAIS AXD VALVE3. 



^^w the tar witJiin may not be heated to any great degi 
^^^ placing the hydraulic directly on the stack, aa t 
^omes done, it is literally converted into a tar diatillM 
and in the course of time a thick coat o 
But by having the main as described some distance i 
the stack, from our expetionoe during Beveral years I 
iniporlant deposit takes place. 

Valves. 

There are tn"0 kinds of valves used generally ii 
namely, the hydraulic, in which a column of water obst 
tho passage of t!ie gas, and the shde or surface v 
■Mhich stops tho flow of gas by the close contact of a 
rately planned metallic surfaces, the contact being J 
served by the action of a spring or other means, 

The hydraulic valve is now rarely used in works, i 
when employed the gas is either altogether shut off, 1 
the supply is entirely free ; while the shde-valves are g 
rally used for all the various apparatus, aa well as in 
street mains, and are of great seirvice in stopping the flow 
of gas when a part of the main is undergoing repair. 

Figa. 18 and 19, drawn on a scale of 'hth of the lull &uc, 
show two kinds of hydraulic valves. 

In Fig. 18, o is a cast-iron cylinder, for 10 or 12 inch 
mains, usually about 2 feet 3 inches long, and 14 or 16 
inches in diameter ; the other sizes being increased or 
diminished accordingly. The top of the cylinder has a 
perfectly air-tight cover with a stuffing-box, through which 
works the rod d. The cylinder contains water or tar to 
the level a a, or about a foot in depth. The gaa passea 
into this cylinder, through the pipe a. The outlet-pipe d, 
through which the gas passes off to the mains when the 
communication is open, has its orifice about 3 icdies 
above the level of the tar ; e e ia an inverted cup which 
covers the mouth of the pipe b, and can be raised when 
req^uired by means of a pinion working into the rack on 
the rod a, ox other suitaWe means. \\, 'is, esXi.co.'i. ^NV-Ba. 
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the cup is at the bottom and immersed in tte wi 
^s shown, the gas is heTmeticaUy sealed and 
Trnted from entering the pipe b, unless the pressure bo 
- ifRdently great to displace the tor and cause it to 
vorflo^ into that pipe. In irhich case the gas would 
i^icape, but the depth of 12 inches is usually sufficienf 
I to prevent this, and to afford a most effectual seal. 



ent_ 

1 




Fig. IB. 

the other hand, it is evident that when the inverted tup e B 
is raised ahove the surface of the tar, the gas ivill flow 
uninterruptedly from the gas-holder through pipe A, ^nd 
thence into pipe b, whieh tatoa it off to tlie main. This 
kind of valve is extremely simple and efUcient, the chief 
objection to it heing that the outlet and inlet pipes are at 
different levels, an ohjectioii -which does not apply to t 
nejct kind to he described. 
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Fig. 19 is the section of a valve whicli is sometimes usei 
in vorka, and has the advautago oE acting ae a receiver o 
sjphon, to contain the tar or water, condensed from the ga 
in its passage. 

The outer <;ylinder is about 2 feet 6 inches long, ani 
about the same diameter as the valve last described, pre 
vided as before ivith an air-tight cover and stuffing-faoa 
through which the rod d passes : a is the inlet and b th 
outlet pipe, both on the same level ; e e is the movabl 
cup, not inverted in thia case, but entirely immersed 1 
water or tar when at the bottom of the cylinder, and w 
maining full of the liquid when lifted up by the rod d t 
cloBG the open end of the inner cylinder. The inlet-pipe 
opens into the outer cylinder, and the outlet pipe b is coi 
nected to the inner cylinder. The water or tar should be 
little higher than the top of the cup, namely, as high as ih 
lino a a. On the light-hand side of the engraving le 
small pipe, F, with a screwed top, through which the watt 
of condenaation is pumped when it reaches above the lev* 
a a. Bearing in mind th.at the inner cylinder is open e 
the bottom and side, the action of this valve will be readil 
seen. "When the cup is at the bottom, as in the engravinj 
the gas paasoa freely from A into the outer cylinder, the 
up through the inner cylinder, and goes off by the pipe i 
When the cup b b is raised, however, the lower edge of tb 
iimer cylinder rests on tho bottom of the cup, and being c 
leas diameter than the cup, there is an annular space t 
water all round, eijual in depth to that of the cup ; thi 
water effectually prevents the gas from passing through 
to the outlet-pipe. The dimensions of the inlet-eylindt 
will depend on the diameter of the main to which the val^ 
is attached, free space being left, inside and outside it, e 
may bo readily understood. 

VThon this kind of valve is used, where it would l 
Ineonviiniont to have the i-od d raised by means of a pinioi 
Min I'Up i" riiised by another contrivance. The rod in thi 
n tlimid cut on it, which works in a screwed ni 
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part of a cross Iiandle ; thua when tbe handle ia 
the cup, being at the same time prevented tzom 
f^ ia raised by the screw until it attains such a 
SB to seal up the bottom of the iiner cyhnder- In 
trea the rod ia hfted by hand, 
inlic valves are now only 
, gaa-worka, and never in 
jta. They have the advan- 
not being liable to leakage 
Dfi slide-valves, and shut off 
{very effectually ; but they 
f disadvantage that an acci- 
IZCOBs of pressure renders 
Bless. 

20 and 21 drawn on the 
tfe as the preceding show 
of the uaaal form of slide- 
rjiich posseeaes the quality 
t supply of gas can be cou- 
|y it with all facility. 
f, 20, A B is the valve case ; c is a circular iron disc 

to the rod E, which works through a stuiBng-box 
^ of the valve case ; d. Fig. 21, is a spring which 
9n the disc c, and causes it 
|>erf ect contact with its seat 
. operation ; the disc is very 
fy turned in the lathe, and 

cf the pipe is also truly 
IS well as the part A n, 
which the disc presses when 
) as to open the communica- ^' ' 

ireen the pipes, It is evident that when the disc is 
IB shown in the engraving, the passage of the gas 
Bd, and when raised by means of a pinion working 
sk cast on p., the passage can bo entirely opened, 
jged in gas-works the disc is worked either hori- 
■ or vertically, as shown in the engraving, but 



fig, m. 




; lIVDKAUUi; MAIN ASD VALVKS. 

krhen employed in the streets the rod £ is worked hot 

~ r by menna of a key fitting the axle of the pinion a 
this case Fig. 21 becomes a sectioaal elevation, and the d 
movea laterally instoEid of vertically to opeu the commul 
cation between the pipes. 

Another kind of valve has come into use in gaa-n 
diiring the laet few years : in which a. disc Bimilai 
shown in Figs. 20 and 21 is pressed by a screw 
faced rim, and -when the screw is tightened the conta 
so perfect as to prevent the slightest escape of gas. On i 
screw being relieved, the disc may be raised so as to aSli 
any req^iiired opening for the flow of the gas : the e 
may he placed either horizontally or vertically, This i 
of valve is, perhaps, more correct and certain in its a 
than the spring shde- valve. 

There are various other valves in a gaa-works wid 
either partake of the hydraiJic oi the slide. For insta 
the hydraulic central valve, formerly very commonly api 
to the combination o£ purifiers as invented by Mai 
a very useful and efficient apparatus. Indeed, in the g 
meter each inlet and outlet to the varioui 
chambers is neither more nor leas than a hydraulic y 
On the other hand, the slide-valve is applied to the c 
valve of purifiers ; it is applied in the dry meter, and j 
oi-dinary tap is nothing more nor less than a alide-valve.| 

Other apparatus in a gas-works have a valve of a 
description entirely, that is the cone or plug- valve, which ] 
is met with in the governor, the inlet of the met«r, and in I 
some foims of valves employed for changing the com- 
munication between one apparatus and another or uaed as 



Mr. Anderson has adopted a modification of the plug-vaive 
tap, having three or four ways, which valves can be filled to 
purifiers, or as a by-pass to the apparatus iu a works, when 
one of them fulfils the duty of three oi four slide-valrea. 




! already observed, -when goa is Bubmitted to a heftvy 
pressure within the retorts, and the temperature is eleTafed, 
8 portion of the hydro -carbons of the gas ia deposited in 
& solid state in the interior of the retorts ; and the amount 
of this deposit is dependent on the degree of pressure and 
temperature, to which the gas is exposed in the process of 
carbonizing. Besides this, as in ordinary worMng, there 
are always some slight leafeages, which are augmented witi 
heavy pressure, it is desirable, therefore, on these and other 
accounts, to exhaust or withdraw the gas from the retort* 
as speedily as possible after it is produced, eo that it shall 
not be subjected to those influences. 

For this object various apparatus are employed, called 
exbaosters, which are actuated by steam, or gas power. 
These are constructed in different ways, either similar ia 
action to an ordinary pump, or a rotary mnchiue, or o- 
modification of the gas meter, or one or more gas-holder* 
working in tar, which are elevated and depressed by a 
Kigine ; by either of which apparatus the gas is exhausted 
from the retorts and expelled to the holder. There is alad 
an apparatus called Korting's exhauster, which reqdireB 
steam only to render it effective. 

In this apparatus, like in most matters connected ■n 
ffa/^-lighting, engiaeera are divided in opinion as to 'Cto^i*!* 
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kind for the purpose. TliOrefore, witt the rariouB ideal | 
coaceruing it, it -will bo sufficient for us to sa; that the ] 
exhauster most commool; in uso is that callod Beale'a. 
This machine was in its earliest form intended aa a rotary 
Bteam-engine, but failing to meet the necessary require- 
ments in this respect, it was in the courae of time applied 
&B an exhitustcr for gas. 
This o\liauHt r is npreseated in the annexed figure 2S 
~ and consists of an outer cjhn 

der having the pipes for tho 
inlet and outlet of the gas as 
indicated To tho shaft whiih 
If placed excentno to the cjlin 
(1 r 13 attached a smaller cjhn 
ill 1 lu wliiUi a shding piston 
IS adjusted in such a manner 
that ita Bides rub continuously 
against the ends of the cylinder 
whilst its ends aie in constant 
contact with the ponphery. Thus, as the shaft is caused to 
i-evolve by motive power, the gaa is drawn in or exhausted 
at one side and expelled from the other side of the piston, 
as indicated by the arrows. The general application of 
this exhauster is sufficient guarantee of ita excellence. 

Important improvements have been made in this ex- 
hauster by Messrs. Owynno and Co., in introducing two 
sliding pistons instead of one, as shown in the drawing ; 
also in adopting what maybe truly termed a " slide-valve" 
in the pistons. It will be seen in the engraving that when 
the pistons are vertical, the maximum quantity of gas la 
being exhausted, and when they are horizontal the minimum 
quantity ia acted upon. Thus, as generally made, at each 
revolution there is a considerable oscillation. To avoid tl " 
the slide referred to ia opened when the piaton is in the vi 
tical position, which allows a portion of the gas to pass £i 
the outlet to the inlet side of the machine, to the extent a 




eary to insure a steady Sow of gas and avoid any 
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In another arrangBment, the oscillation ia avoided by hai 
ing B small gas-holder connected to the main of eshauB) 
and this rieeB and falls with every variation of pressure. 

A very compact arrangement of engine and exhauEtcr is 
represented on Fig, 23, the exhauster being fimJy bolted 
to the engine bed-plate, thus avoiding the riska of unequal 
settlement and inaccuracy of levels in the foundationa. 
The engine is coupled direct to the end of the exhauster 
axle, BO that the uncertainty in the uee of straps is avoided. 
It can he readily imagined that the gearing necessary foot, 
pnmping ivater, tar, or ammoniacal liquor can be attache^' 
to the apparatus. 







I Thepiston ,- I . 'i '■ i-xliausterie employed inafei* 

I utaka. This, according to theory, would appear to be ths 

f beet adapted for the purpose, but practice haa not confirmed 

the opinion, as in nineteen worka out of twenty the Beale 

eshanster is employed. 

The exhauster formed by one or more small gas-holders 
rrjnnected to a shaft haa gradually fallen into disuse. Tha 
Kurting steam exhauster, from which so much was ex- 
' pected a few years ago, does not appear to be a success, BB 
b a recent tour, when the writer visited upwards of seventy 
M-Worke, in no instance did he see this apparatus. 

e exhauster shoidd be placed immediately after the 
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Bud be prorided with « pressure-gauge, in 
wimTnimi ftjjwi «!& the interior of the hydraulic 
On the depth the dip-pipes aie immersed in the 
tar of the hydrauliu main being biown — then i>y observing 
ttie gauge the pressure within the retorts is oscertainei]. 
To explain this, let it be supposed that the ends of the dip" 
are exactly one inch under the tar- If now we imagiu. 
the exhauster to 'vrork in euch a manner as to indict' 
"lerel gauges" on the exhauster-gauge, then there w:'! 
he a presHure of one inch within the retorts. 

It is highly desirable to work the instrument in questiun 
to the proper extent in order to counteract the effect* of 
Bawll loakaErefi, aa well as the high temperature of tlie 
r«*t)Cirts; but at the same time an undue degree of P.'i- 
haustion should be carefully avoided, as by it, air may bi- 
drawn int".i the mains and intermix with the gas as produced ; 
and at^virding to various experiments only 1 per cent, of 
(vimmon air. intermixed with gas, diminiBhes the illuminate 
iiijj [wwer no loss than 6 per cent. With an admixture of 
45 por ooat. of air combined with gas, no light whatever 
is obtained tnm the compound. The detrimental eSects 
of oxcessiTe exhaustion are dearly illustrated by the ■pre- 
c«din^; and although frequently it is asserted by prn- 
judiired i>ersi'>ns, that gas companies wiUully exhaust air for 
the ptirpose of augmenting the volume of the gas, t!ie 
«\i9UK:Uty of the statement is clearly demonstrated by tL. 
farta (riwn, UoT«oT«r, in addition to the production ol i 
putmtitf vi goA, the consideration of its qvah'tg is foi'>' 
on engineers and managers, not only by Acts of Paili.i 
■Mat, but also br more forcible reasons, namely, the iti 
iHn»X of tlie cumj-Mnies they represent. 

In aU weU-conduct«d works of medium size and of larg- 
^ity, there should always be an exhaust register ia 

laeetion with the e.xhaaster, in order that its operationB 

ly be indicated during the whole of the twenty-foor 
Thia apparatus is Tery similar to the ~ 

Kor hereafter relerted to. 



TSE PJTRIFICATIOX OF GAS. 

,_jnperature of Gaa — The CondenBer — Vnrioiis kinds o£ Con. 
fcwre— The Washer and Scrnbber and their objeet— This Washer 
The Scrobber— Wet-lime piiriflcation— Dry-lime purification — 
e centrol Hydraulic Voive— The dry central ValvoB — Orida of 
m pnrificatioc^How to Mcertain the vnlue of oiide aa a purif y- 
nt — Sulphate of iron and lime poiiScation— Tests for 
"ing the purity of Gas — The Sulphur Compounds. 

The Ookdekseb. 
described tlie different classes of coal, 
B apparatus employed in carbonizing and producing 
gas, we now come to the purification ; by wlueh is meant 
the process of eliminating tliose constituents of crude gaa 
that would be prejudicial to the comfort of the inhabitants, 
fts well as to tlie furniture and ornaments, of dwellings 
where it might be consumed. As already observed, thesa 
impure constituenta are ammonia, milphnretted hydrogen, 
carbonic acid, bisulphide of carbon, and other compounds 
of sulphur and carbon. 

The purification of gas may be stated to commence the 
moment it enters the hydraulic main, where it deposits 
Bome of its tarry matters, and there ia ample reason for 
liclieving. as represented elsewhere, that a portion of the 
rich constituerte of the gas is absorbed by the tar at that 
point, the remedy for which has already been suggested. 

As ihB gas isguea £roja the retorts, it ia AeArjetei itvset^l 
minute resiolea or small (ar bladders, aud \li.6 &i^ »■' 




B OMS Aa taz and gas aie allowed to flow % 

m^ Atm p^n. with th« object of profitmg 1 

I ' VHffliia aclisK of tbe tar, for the impurities i 
. I . l^T^ogan and cazboidc tudd. However, aga 
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lie tar for the hydro-carbon vapours, and these, onoa 
ibsor'bed, are only recovered by the operation of distilla- 
lioQ. 

Besides the system of condensation mentioned there arft 
nrioos other apparatus for the purpose. The one which 
18 the most generally used coasista of a series of vertical 
pipes attached to a cast-iron box or chest at the bottom, 
connected in pairs by semicircular bends at the top and 
called the "air condenser," This chest has a series of 
divisions, which are sealed by liquid placed therein, eo 
amt the gas in its transit has to pass through the whola 
series of pipjs, as in the apparatus already described. 
Thus the pipes by their contact with the atmosphere radiate 
the heat from the gas, which being in consequence cooled, 
deposits the vapours as liquid in the form of tar, and 
water saturated with ammonia, generally called ammonia- 
nal hqnor. This condenser in warm climates is sometimea 
used with an application of cold water on ita exterior in 
order to increase the cooling effect. 

Pig. 24 shows a cross section, and Fig. 25 a longitudinal 
seetion of a vertical air-condenser, with the air-pipea 
attached to the iron-chest, which is charged with water to 
the line a a. The longitudinal section Fig. 25 shows that 
ilie chest is divided transversely into compartments, each 
(jf which contains two pipes in communication with each 
uiher. The cross section represents the chest divided 
throughout. Thus by these means, with the aid of tho 
(ii^uor in the chest, the pipes are connected in pairs, whilst 
na shown in Fig. 24 a connection is made between each 
pair of pipes in succession by the semiciroular bends. 

The action may be readily understood by referring to 
Fig. 24, where the gas on entering the pipe b posses thft 
semicircular bead and descends pipe e, and enters the 
compartment beneath, where it passe? into another ver- 
tieal pipe and travels in the opposite direction to that 
ttked by the arrows. 

a the ^as is tiaiised to pass through b3\ \Xft ^V'^e^ 
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others considerably smtdler, each pair forming sn ann' 
space, and through this annular space the gas to ' 
'Wsed passes. The interior o£ the inner cylinder being 

;i'in to the atmosphere allo-wa a cuirent of air to enter 
!(jW. This, becoming heated, ascends, causing a draught 

r current, and carries off the heat ; to which circiim- 

■ lance the superiority of thia system is stated to be doe. 
In addition to the conceatric pipes, there are others whiAj 
Lommunicate the various condensing columns _with 
other, and so complete the apparatus. With this appaxal 
tliere are means of controlling the quantity of air 
to the requirements. 

.\nother kind of condenser, which is extensively used in 

■ irge works, is formed of two vertical rows of pipes placed 
■ i slightly inclined position, each row consisting of five or 

■.x tiers, varying in length according to the magnitude of 
■-'le works. These are connected together at the two ends by 
iltable bends, and are aU supported by an iron framework 
ui such B. manner, that as the gas enters at the uppermost 
[iiiijit, all the condensed liquids flow throughout the wh(dB 
I'.ngth of the pipes ja contact with the passing gat. 
it is the accepted opinion that by the friction of the 
jiussing through these condensers, the tar is eliminated, 
..[the same time the ammoniaeal liquor is effectively 
.-used ; whilst the gradual action of the process does not 
. -teriorate the quality of the gas, and tends to prevent the 
- rniatiou of naphthaline. 

Lastly, the condenser, which was invented by John' 
Malam, consists of a rectangular box or chest fovmed 
I last-iroa plates, put together with flanges, and having' 
I [lerfectly tight joints. Its interior is provided will) 
1 iii iron trays, containing each about two inches in depth 
\ of water, and so arranged that the gas, entering at the 
I bottom of the ohest, passes in succession over the surface 
, of the water in each tray, and traversing the whole length 
rf the chest ten or twelve times, passes off at the n^^er ^a.rt, 
leantime a smsll stream of wtitoT eirttrs o.X fee Ui^. 
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THE FUSTPICATIO!! OF CAS. H 

mliaarbs the anmioiiia, at the same tiin 
bg and winrlpin^Tig the rapoure in oombinaticiii wit) 



mm w dtMncr ham kmg fallen into disuse, but -we havi 
«>■ it ^ifilied Te>7 reoentlj as a Bcrubber with the bes 
MHoeiL lUa ^ipaiKtas, irhen of suitable capacity, po» 
■■^M die adrsBlaga of eliminating the ammonia witli 
matt m i wt j ThiB tiqwir osn be retained in it until attaining 
uy daiixed degiee <^ strength. It requires no motivt 
yonrar to keep it in action. It la not liable to be chc&ed 
md nadarad ineffectiTe by the passing tar. It demandi 
■D !■ Hill I II to reader it effectiTe, and we believe it is ulots 
•eoaoBinl in eoDstructioQ than any other apparatus in 
VH^ «ad for anaE works we ooosider it very desirable. 

JUtkoB^ tued formerly as a condenser, this appaiatna 
li ilKKit the moet efficient means for eliminating the am- 
■tonim ; which b mode evident at the Watford works, wheie 
U has bees in use scTeral years with the best results. 

Tile gas in passing the condenser, as remarked, is a<?tcil 
on mechanically by its rarioufi particles coming in con- 
tact with the surface of the pipes, and by this friction a 
iMga portion of the tai is deposited. The same eSect will 
be ohserred when the exhauster ia used, as the friction 
asdsts in the deposit of the tar. 

But gas may be condensed to an excess. When this 
occurs a portion of its richest quahties is absorbed, naph- 
thaline is deposited in the mains and services, causing 
continual annoyance, which is particularly the ease in 
winter, when the condensation should be limitGd. 

In hot climates, on the contrary, it will be necessary, as 
observed, in order to reduce the temperature of the gas to 
the proper degree, to allow small streams of water to trickle 
over the surface of the pipes of the air-condenser ; as onlj 
by these means can the temperature of the gas be redaoed 
in daytime, iu localities where the sua shining on tht 
apparatus approaches in warmth that of the gas, i 
ifsuos from the hydraulic mtdn. 
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The Washer and Sckutbee. 

k these apparatufl are employed for one purpose, that 

: eliminating the ammonia from the gaa ; and their 

y does not depend solely in remoring that compoimdj 

rendering it a commercial commodity for sale to 

aiiif actui'era ; or, what is still more profitable, to manu- 
facture the ammonia on the works where it is produced, 
for which detailed instructions are hereafter given. 

The ammonia evolved in the process of carbonization ct 
Ihe coal, is partly obtained in combination with the water 
produced in the operation, intermixed with the tar from 
which it is afterwards separated by the difference of their 
gravities; a poition is depositfid in the condenser and other 
apparatus on the works ; another portion is absorbed from 
the gas by the mechanical action of the scrubber, or 
washer, and as thus obtained is usually termed ammo 
cal liquor. The ammonia is also deposited by the chemical 
action of sawdust or other fibrous material, being impreg- 
nated or intermixed with an acid, or a salt, such as sul- 
phuric acid and the sulphate of iron, both of which aro 
BometimeB used as purifying agents. But for the present 
we will confine our observations to the method of eliminat- 
ing the impurity by the action of water, which is almost 
universally employed for the purpose. 

Water at ordinary temperatures possesses the property 
of absorbing about 700 times its own volume of ammonia 
gas, and advantage is taken of this property in order to 
eliminate that impurity from the gas. But in proportio 
the water increases in temperature so does its atlnity, or 
power of absorbing that compound diminish, and this 
affinity totally ceases, on the water attaining a temperature 
of 180° Fall, Hence the necessity for having all the ap- 
paratus, such as condensers and scrubbers, at a moderate 
degree of temperature ; at the same time avoiding any 
excessive degree of cold, which would cause some of th« 
hght hydro -cftrbDu rapours to be deposited, and 
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THE ITMnCATIOS OF CAS. 
Ae fvsEly of die gts as ma illui 

an Bsmeioas deeoiptioDS of vaahers, i 
QB^biTed Ins removing tbe ammonia by the act 
but die ftpparstus irhidi eliminates ' 
\pA dia tntfiimmn q^oautitj of wTtto', without detetioiK 

^Dt mwwnmrtmg poTeT of th« gftS, 13 the best ; B8 1 ' 

pIojiBg a snail qoantit; of water, the ammonia ia obt 
in a conegntratad state, and the liqaor will n 
nqure less fuel and Uboor in its manufacture. 

Another nason iot aroidtn^ any excess of water is, I 
manttfaetorets fzeqaaitly pmchase the ammomacal Ij 
from the works, when the expenses of transport bee 
Mrioos Babject for consideration. Hence, for the pni 
of sale, it ia es^ntial that it shall be delivered of a c< 
strength, for, as will be hereafter shown, in all liquor ti 
b but a limited quantity of ammonia in combination v ' 
large quantity of water, which qnantity can be readily ai 
tained by the means indicated in the chapter on the H 
factnie of £esidual Products. 

Ths ^^asheb. 
At one time the washer was considered to be detrim^ 
to the illuminating power of the gas. This opinion Ih 
the adoption of the ton-er scrubber, in which the gaa a 
m contact with the water, but does not babble through 
and with the introduction of this apparatus, dia 
aereral years the washer became almost unknown, 
opinion has again changed in this respect, as proved 
>^e general application of washers, which are, hom 
Buperior to those formerly employed. 

Livesey's Washee. 
"Ihis apparatus," to use the words of the mannfaot 
is baaed on the well known principle that the most effeo- ' 
ye means of bringing the gas in contact with a Hqnid is 
"lause the gas to pass, in a finely divided state, throiy' 
'quid, instead of merely over its surface. 



l.IVESEV S WASHTR. 

" With this waaherthe pressure required is three im 
find the gas la so completely divided into on infimte numi 
1 minute bubbles, tliat its contact with the liquid ia of the 

;iiit intimate character. This effect is obtained by causing 
;;j gas to pasa through two series of perforated iron plates, 
filth perforation being about one-twentieth of an inch ' 
diameter. The plates are immersed in the liqmd coni 
in the tank ; thus the gas is twice broken up into very 
bubbles, which rising to the surface of the liquid produce). 




'flnsiderable amount of froth or foam, thus adding materially 
■ ilie washing power without causing additional pressure." 
A portion of this apparatus, as shown in Fig. 26, consists 
■1 an enclosed square tank, in which is affixed a number 
f tubes, A A, placed in a horizontal position, and parallel 
I Bach other, their extreme ends being open in the outlet 
_^tiamber. The sides of these tubes below the " ialet water- 
" are perforated with innumerable small holes, each O 
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^M oae-twdnHeth of an inch in diameter. The gas entei^ 

^B inlet cliamber and passes down between all tlie tube 

^B Bhown by tlie arrows, depreaees the water, and bo throuj _ 

^H the perforations, producing a foam by which every partiole 

^p of gas is brought in contact with the water and Uie am- 

' monia eliminated. The gaa and water then pass together to 

the outlet chamber, the former to be further purified, the 

latter again to assist in eliminating the ammonia and tor. 

The eSect produced by these washers is, in the first place, 

to romovo every particle of tar from the gaa, tbus prevent 

ing the clogging of the coke scrubber; also absorbing' a 

largo portion of the ammonia, the rest being taken uji 

afterwards by the serubber. 

In adopting this system, Mr. Livesey, with his charac- 
teristic disregard of old ideas and formerly accepted 
theories (having, we may assume, assured bims Blf by ex- 
periment that the illuminating power of the gas was not 
deteriorated by washing), applied this washer first at 
his own works, when the success attending his opera- 
tiona caused the apparatus to be adopted at works of 
every magnitude throughout the kingdom; and we may 
Bay that no apparatus employed in the manufacture of gas 
has BO speedily come into favour as that in question. 

Another apparatus of a similar description has been in- 
vented and patented by tho well known firm of 0. and W. 
"Walker, of Ix)ndon and Donnington, as represented half in 
Beetion and haK in elevation, by the annexed engravii^ 
(Fig. 27). It will be observed that the inlet is in tha 
middle, where the gas enters the central chamber, which 
chamber is the half of an oval tube extending the whole 
length of the washer, and is attached to a horizontal plate. 
From this chamber diverge a number of horizontal chaimela, 
BS shown, also secured to the plate mentioned. The lower 
parts of the sides of those channels are perforated witK 
» largo number of vertical taper slots, each of about the 
■tenth of an inch wide at the upper and narrowest part, for 
3purpOBe of breaking np tke gas iito Ttcm.-aXfe ijasticlea. 
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T^T a valve at the " liquor outlet," the levet of the 
111 be adjusted to any desired height, according to 
i.ilie of the gas or other tarciimstancea. 
Une object of this apparatus is to eliminate tht 
!■ believe, in imitation of Pelouze and Audouin's proeese, 
''lE instead of theveaicles of tar acting against a solid Bub- 
-:;uice, as adopted by those gentlemen, they are brought is 
"■ntact with the surface of the water, when even wilh ~ 
tenth presBure the vesicles are broken, the gas libera' 
and the tar deposited in the washer ; and so effectivi 
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!^ this accomplished that within our Irnoivledgo a piece 

ifton-wool has been placed in the outlet of the apparatus 

: r twenty-four hours, and at the end of that period 

ilihough the cotton was discoloured) there was no trace of 

ijj on it; and in this effectual removal of that substance 

before it enters the scrubbers and purifiers, consists perhai 

the most important modem improvement in the puiifi>!ft-. 

tion of gas. Another advantage of this apparatus is iha$\ 

it retains the liquor in a concentrated state, which absorl 

the carbonic acid. 

Hbus, whUe the Livesey washer ia mtenied. \.o twoOT' 

^b ammonia and tar, the object of tliat in 
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THE SCRUUBER. 

minaie the carbonic acid -with the tar, leaving the 

» to bo taken up by the scrubber. 

An objection formerly raised against the toiver scrub' 

a that in the course of time the coke or other mata 
tplojed became clogged with tar, and its action T 

latly impeded ; however, by means of the washer, t 

Donvenieneo can bo entirely avoided, This fact has 
ma firms to apply tlie washer at the bottom, se 
to form a part of the tower scrubber, a system wiictl 
boon adopted alike in the largest as well as ia modeit 
sized works with great success. It should be sta 
that according to the various crucial teats that have b 
made, gas ia not impoverished or its illuminating poi 
deteriorated by the employment of the washers. 

Various other maoiufacturors and engineers have diretf 
their attention to the construction of washers, among vh 
may be mentioned Messrs. Dempster and Sons, of 
Messrs. Cocksy, of rrome, and Mr. Good, of Carshaltc 
each of whom has a peculiar system, which our space da 
not penult us to refer to. 

The Bcrubbek. 

The scrubber ia another fonu of appai'atus for extract 
the ammonia from the gas, and difiers from the waaba 
one respect — that ia, whereaa in the washer the gas ha 
force its way through the water, in the scrubber it ia e 
brought in contact with it when passing over the surface 
pieces of coke, bricks, boards, wood -shavings, or other i 
teriala which possess a large area, and are saturated v 
water. This system was introduced originally with 
view of avoiding the pressure demanded by the washer 
it was constructed iu the most primitive ~ 

ever, since the general adoption of the exhauster, 
objeotiona no longer exist. 

There are various kinds of scrubbers, but the kini 

eommonlr omployed conaUte oS B.«w,\AsoTi.\R^«t ot tsfflk,o£ 

A^Bigbt of several times ita aiom'itei. TSi^- ^-'^-^ 
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BO or more compartmenfa by cast-iron sieves, or 
Uih of ^hich support the material employed, aa i 
In Fig. 28, which 
its a scrubber suit- 
t a small works, 
section and half in 

■a a cast-iron cylin- 
fessel, containing 
;rids, on each of 
I placed a quantity 
BufBcient to fill tlio 
ment above. At 
tern is a division 
L to receive any 
I of coke that may 
rough the lowest 
Lt this point is the 
pe for tha gas, as 
the outlet for the 
For suppljing tho 
Ss with water, at 
, are two or moi'o 
al pipes of perfo- 
in-barrel, attached 
Dnuaon centre or 
iich pipes are made 
re by suitable gear- 
ind distribute the 
regularly over the 
urea of the top but- 
the coke in the 

tho water in its 
' being distributed over the large aurfaee of coke, 
r material, absorba the ammonia Itoffi ^^^ ??*^i 
ailar in action to the waahor,) ia tUe acYviytt'ii "Cw 




KIBKII.UUS SCRtTBBER. 

S fint meets with the foulest liquor, and in 
f At last cornea in contact ^dth the clean n'ater, i 
)Te9 the laat trace of the impurity j that is, buj 
i apparatos to be constructed according to the i 
o£ the irorke where it ia employed. For largew 
tbeeo Teasels are made of great magnitude, ii 
Btaaces o£ sixty fwt high and eighteen feet diai 
which will eliminate the ammonia from one million fe^ 
gOH per diem. 

The capadty uanall; allowed for scrubbera is 15 c 
feet per 1,000 leet of gas produced per diem, flie hel 




*f the vessel being at least three times its diameter, i 
times the water ia distributed by a self-acting appi 
similar to Barker's miU, or jets are admitted at 1 
points. Before the washer was generally used the e 
employed in the scrubber became dogged with the j 
when the water, instead of passing over the surface o 
cote, was confined to narrow streams, and the efflcienty of ■ 
the apparatus was materially impaired until the uoke was 
renewed. By the use of the washer (of course before the 
gaa enters the scrubbet") ttiia ^fia.(i\dtY ^q longer exists. 
Another kind of " wasliex-scniytiet" ^a\.en.V'A\j-j"^i£t.- 
'mu and Hulett, U repieBeutoi ui. Yoii^'sMSiQsi. siwiosK 



r 



in Fig. 29. This consists of a cast-iron caso dmdod inb 
tompartnients, provided with a revolving shaft wliiob oxi 
lends the entire leng;th and protrudes at both ends of tl 
cose, and is connected to suitable gearing, and diivea I 
motive power. 

To this shaft are affixed several series of metal discs, i 
shown, of somewhat leaa diameter than the case. £ae| 
series is composed of a number of discs which rotate in theii 
rr'spective compartments in such a manner that the watfll 
aiiil gas of each compartment is separatad from the others 
The action of the apparatus is as follows : — The supply 
'if water, which is at the rate of about ten gallons per toB 
of coal carbonized, enters by the pipe shown, and is maia- 
taiaed at different levels, so that it flows successively from 
one compartment to the next, throughout the apparatus, 
fmd in the compartment through which the gas passes 
laat, there is always clean water; thus the gas must neces- 
sarily be free from ammonia as it leaves tlie scrubbor- 

The gas enters at the opposite end to tUo water, and 
:. -sr.g as indicated by the arrows through all tho compart- 
jits in sucoesaion, and being brought into contact with> 
:i' wetted surfaces of the discs, tho ammonia is absorbed 
I'j the water as the discs revolve. The foul gas, on enter- 
ing fhe first compartment, meets with the strongost liijuor, 
h ivhich a lai^o quantity of carbonic acid and sulphuretted 
ij-drogen is taken up. 

Another description of washer-scrubber ia that invented 
hy Messrs. Laycock and Clapham, as shown in Fig. 29a, 
iaif in section and half in elevation. 

This consists of a cast-iron case, square at the base, semi- 
areular above, and closed at the two ends. Within tliis ia 
the shaft, which protrudes through stuffing-boxes at both 
andfl ; also within the cylinder are six suitable divisions for 
retaining the water in such a manner that on clean water 
eatering at the gas "outlet" end, it passes gradually 
through all the divisions, and acquires a degree of ammo- 
jjacal strength, aceoTding to the quantity oi gaaan.i.'^a'UIl 
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Attached to the sliaft are six cylinders, or chamt 
each of tteir ends being formed by perforated plates, 
at the periphery is a number of water buckets, j j, ' 
perforations in the bottom. Tlie space between these 
forated platoa and buckets is filled with small wo< 
balla, o, Q, G, wluL'h'by their form and continually 
their position present a largo wetted surface to the pna 
gas. A part of the case in section is removed, in ordf 
show two of the cylinders, or chambers. There are 
L h, at tho top, and clearing doors, m m, at the b( " 




^^ The action ia as follows : the water- chambers 
charged to the desired height, a alow rotary motion is 
to tho cylinders by suitable gearing connected to the 
when the revolving buckets carry in succession a qui 
of water, which ia delivered as a constant shower over 
wooden balls ; at the same time tho perforated plates 
wetted. Thus by these means every trace of ammoi ' 
eliminated from the gas. 

Within our knowledge this apparatus has met with 

traordinajj- success, as wo have seen it in operatic 

several works, where it gives the greatest satisfactios 

/(requires but little power, giveauo e-s.'aa, -^wiSMSft,;!! 

liable to be obstructed, ani ialugtaiu eS^^^we. 



PURIFICATION BY WET LIME. U 

As already remarked, the presence of a trace of uouuon 
in gaa ia not, however, objectionable, and, as will be show 
ammonia should not be regarded as an impurity only, b 
as a source of profit to a company. It should, howeroi 
be observed that in the event of tlte scrubbers not being a 
sufficient magnitude to obtain the liquor of the dee 
Btrengib, it is pumped several times through the apparat 
until that is acquired ; and very recently we heard that 
was delivered from a works to the manufacturer of 20-ouiii 
strength, when of course the liqwor realised a corresponJ 
ing high price. 

At some works, in order to obtain the ammonia, tin 
purifier is charged with sawdust in a dry state, but wliifl 
has previously been saturated with sulphuric acid; by the* 
means the ammonia is absorbed, and in some localities, sitQ' 
ated a considerable distance from the manufacturer ( 
KOUnoiua, this'syatem may be advautageouBly carried out. 

Ammoniacal liquor is usually sold at a g^iven sum p 
QoiiDe strength, but it is seldom purchased of lees tht 
" Mght-ounce," the average being "ten-ounce" liquor, 
The price is neceesaiily variable, depending on the sub 
0iate market and the expense of transport to tlii manw 
factory. "When the distance is great it is desirable that tha 
liquor should be concentrated, and contain a large quanti^ 
of ammonia in a given quantity of liquor, 

PURIFIOATION BY WeT LiME. 

The ammonia being removed from the gas, it theti 
becomes necessary to deprive it of the other compound*^ 
md for this purpose the moat primitive and best system^ 
so for as regards the puiifieation of the gas, is that known 
as the wet-lime process. 

However, as this system is entirely abandoned at tha ■ 

present day, arising, no doubt, from the most repugnant 

odour of the foul material, which was generally called 

''blue billy" — from its colour — further reference to the 

^m^ lime process ia imnecessary. ^| 
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^B Dry-lime PrRincATioN. 

^F Jn proportion as the use of gae-lighting extended, so wi 
the inoonvenionces experienced by the refuse of the vi 
lime process augmented, until the odour emanating fn 
the blue billy became so intolerant that other meanoi 
purifying gaa were suggested. 

The dry-lime process of purification iraa invented mi 
years before it was generally practically applied, aw 
reaaon for this delay in adopting it, may have been H 
this syBtem ia considerably more costly than the oth 
However, as by its use a great portioa ot the nuisaj 
arising from a gas-works situated in confined neighbo 
hoods 'wna removed, espenee was not regarded ; tlieret< 
to abate the evil, dry lime was adopted. 

When quick lime is elakened, reduced into powder, a 
moistened with water, it is called by chemists the h; 
of lime, and is the material used for absorbing tl 
purities sulphuretted hydrogen, carbonic acid, and, 
some conditions, other sulphur compounds from the 
gaa. This is inappropriately termed the " dry-lim' 
cess," a name whith ia very likely to deceive many 
occasion much trouble, inasmuch as dry hydrate of 
has little or no power of purification, and only when it 
well moistened, is it really effective. 

Speaking on this point Mr, Lewis Thompson obsi 
that the pecidiar value of the wet-lime purifier depends 
much upon the water as on the lime, which statement 
corroborated by the superiority of the wet, over the 
lime mode of purification. From this we gather that 
greater the quantity of water, the more efiicienfc beeo 
the lime, hut against this advantage, care should be ta 
to prevent the lime being saturated to that degree, as 
obstruct the passage of the gaa. 

The principal benefits derived from the so-called 
lime process are, that the heavy pressure 
ipi/ei alwaj'3 exists when 
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arising from the presaore tlie; occasion, is avoided. Tba 

reaidue of dry-lime purilication is under certain conditions 

Kadil; disposed of, being Toluable in many cases for agri- 

cnltoral purposes, It is also useful for niunerous otlier 

objects, but the retuma from this aource are never important. 

In dry -lime purification no motive poiver is required, and tha 

odour arising from the residue is less obnoxious than that 

from wet-lime purification. These are advantages which 

^iave caused this process generally to supersede the othsr. 

Dry-lime purifiers are generally rectangiUar cast-iron 

nnelB, varying from -i feet to 30 feet square, and from 

leet to 5 feet deep. Somotjmea in very small works 

sy are made circular ; this, however, is otdy done for 

Bvenience or economy in construction. Each purifier 

>ries of perforated shelves, or trays, or sieves, 

^^nrted by suitable bearers of wrought or cast iron, the 

id of which are attached to " snugs " cast on the purifier. 

large purifiers there are also pillars placed at iutcrme- 

ite distances, to carry the weight of the sieves and puri- 

ling materiaL On the.flo sieves is placed the hydi'ato of 

to a thickness of about three or four inches, through 

■diich the gas passes ; and by the absorptive action of tho 

piine the gas ia deprived of its impurities to a degree mora 

Or less complete, depending on the various conditions of tha 

laagnitude of &b purifiers, and the efSciency of the lime, 

The upper part of tho purifier is surrounded by a water 
lute or reservoir, making a water-tight joint for the cover, 
of from 9 inches to 24 inches deep, and from 3 inches to 
6 Inches wide, which is often cast with the purifier and 
SomiB part of it, or ia attached thereto by bolts and cem 
TThe cover of the purifier is of boiler plate, secured to angle 
iron which forms the framework. When of largo dim* 
rions, they have suspension rods or stays to aupport the 
The rim or border of tiie cover ia rather deeper than tho 
astern into which it is placed, and ie effectually sealed by 
the water, thus preventing the gas escaping from that point. 
Oit&B th0 pim£er ia divided into two oomTjartai«o.^Si w 
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that the gas nseends through a set of sieves on the one g 
and descends through another set on the other si 
ing the purpose of two veBselB. In all establishnieB 
ho'S'ever small they may be, tivo distinct purifiers at least 
ore necessary to enable the impure Ume to be removed 
from the one, whilst the gaa is being purified by the other. 
A most important point is to have the purifiers of every 
denomination of ample magnitude, for although this may 
increase their cost in some degree, yet it is amply counter- 
balanced by the saving of labour and economy in the 
purling material j which is more particularly the case 
with dry-lime purifiers, where the lime is a purifying 
agent, long after it is saturated with impurity, in the 
l.ordinary sense of the term. 

The number of purifiei-s in a work is variable ; in the 
iftjority of establishments a set of four is very usual, 
Klheir dimenaiona being determined by tho capacity of the 
In addition to these there is often an extra appa- 
ratus called the " catch purifier " charged with the hydrata 
if lime, which intercepts any accidental impurity that may 
sist in the gas. The general calculation when dry lime 
Iftlone is used, is to allow one superficial yard of sieve in 
activo servico for each thousand feet of 
gas produced per diem. Thus, a works 
producing fifty millions per annum, or a 
maximum of 220,000 per day, will require 
four purifiers, each 15 feet square, having 
four tiers of sieves. With large puri- 
fiers the gas is in a comparative state of 
repose, and gives up its impurities more 
readily than when in rapid motion. 

The grids or sieves of purifiers were 
formerly made of wrought and cast iron, 
but they were liable to numerous inconve- 
niences, such as breakage, from their 
excessive ■weight, and in some cases they 
were sjieedily obstructed. The gtlAs oi "iXift y'i%«s.'s. fta.-^ 
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WOODEN ClRlDS. 

are invarialjly made of woodj as represented in the annexai 
figure. Tliey are UBuall; of about 2 feet 6 ini'hea loi 
and 18 inches wide, and coat about 6d. or 8d. per 8Up« 
ficial foot, and are very durable. 

The means of changing the passage of the gaa to a 
from the various purifierti, and shutting it off from thofl 
vessels, is sometimes accomplished by a series of alide^ 
Talvea attached to the pipes, which is costly and attended 
with tQconvenience. A simple means of replacing these 
valves was supplied hy the late John Malam, whose name 
is intimately identified with the progress of gas-lighting, , 
and more particularly in connection with the gas-metara 
To that gentleman we are indebted for the beautiful modt^ 
fiL^ation of the hydraulic valve, by which the gas is receivoM 
at ita first entiy into the purifier, made to traverse all tJi^fl 
various vessels and pipes in succession, and is discharged 
from them in a pare state, to bo stored up in the holder. " 

The hj'draulic valvo consists of a cast-iron tank, the 
diameter and heiglit of which depends on the number and 
eize of pipes connected with the purifiers, 

Fig. 31 represents a plan of a set of purifiers with their 
corresponding hydraulic valvo. a n c d are the four puri- 
fiers, but for want of space only part of o and d are shown. 
The purifiers A and o are enclosed by the covers ; those 
indicated b and d are open, showing the mode of constmo- 
tion and part of the wooden grids placed ready for r 
ceiving the lime. At the central hydi-aulic valve mark( 
s, meet the various pipes conveying the gas to and fro 
the purifiers, also the inlet pipe a and outlet o. The pipetf 
marked 1, 3, 5, and 7 are the inlets, which convey the gn 
from the central valve to the respective purifiers ; the pipo^ 
marked 2, 4, 6, and 8 convey the gas from the purifici 
the valve. 

For a set of fom: purifiers, each being 12 feet a^uar^ * 
witli 12-inch connection pipes, the tank is about 4 feet 
6 inches in diamefer, and 3 feet 6 incUea iee^. \q. ^iift 
bottom there ai'e nme holes perforated to ■pexBiA 'Ca'a ■^i:^* 
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^^Bjiafis freely, and these pipes are attached to the tank 
^^Buges and bolts in tho usual manner. The tank l 
cover, through ivhich passes a rod 'working in a stui 
box, for tho purpose of lifting the yessel which regula 
the direction of the gas. The covers of purifiers are atron 
stayed, and are lifted by means of a screw or crane. 

Fig, 32 represents two of the purifiers described, 
one in elevation, the other with the front plate removed 
show the interior and a section of the hydraulic val 
There are four sieves for the lim p, through which the 
traverses, and when above tho top layer descends 
(lutlct pipe, returns to the central valve, from theneft 
another purifier, and so on throughout the number 

Tho vertical pipes in tho tank of the valve E are 
18 inches long ; and, when in operation, the tank is 
with water to the level of tho top of the pipes, Under 
i;entral valvo is a tank, in which stand the pipes, wll 
are open at the bottom ; but as the tank is filled withwi 
the gas is prevented from escaping. This system has 
advantage tliat no syphons are required to be attended 
and any condensation that may take place in the pipe fit 
into the tank. 

To complete the central valve there is a gas-holder 
bell closed at the topj and divided to within 4 inchei 
the bottom into five vertical compai-tments. This vei 
encloses the nine pipes in such a manner, that the h 
and outlet pipes of two separate purifiers are respeetiv 
isolated in tho compartments h and e, whilst the inlet i 
outlet of another purifier are isolated in the division 
That marked a connects the central pipe with the ii 
of the first purifier, and the compartment d contains 
outlet of tho last pmifipr. 

"We will now trace the progress of the gas from 
entrance to its exit to the gas-holder. The tank hay 
been supplied witih water, the gas flows by the centre p 
under Uie bell into the compartment a. From there 
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enters tlie pipe 1, which, leads to the purifier c, and 
ascending through the layers of lime it passes down 
to the cylindrical vessel into the coinpartment &. Here 
it can only escape hy the pipe 3, and thi'ougli the lim< 
purifiei- A in the dii-ection of the 

arrows back to compartments, fi'om 

thrice into purifier b, and after 

traversing the layers of lime again 

returns to compartment rf, wliere 

' ro is an opening in the top of 

■ i.ylinder, through which tho gas 

i.iipes to the holder by tho orifice 

■; on the fddo of tank. The com- 

^iiii'tnient e contains the inlet and 

millet of the purifier d, so that the gas caunot euteFi 

therein, and tins being out of action, affoi-ds tho facility 

diangiug the lime. 
It will be observed that by these means only three purifienil 

ore in operation, the fourth in tho 

meantime having the foul Iuul 

removed and fresh supphed lu 

order to change the jmsaage ot thi 

gas, the cylinder is thtn raiRpd 

by the handle of tho rod (wliiih 

passes through the stuffing bo^ 

until the partitions tlear the 

pijjes. It is then turned n fom-th 

of a circle and allowe<l to descend 

into ita seat, when tlie gas first 

enters the purifier a, from there 

lo B and D, whilst purihni c i-> 

thrown out of action for tho purpose uf i him^u^ ihi hmo. 

By these simple and ingenious means the pasBage of the gsM-. 

to and from the purifiers is regulated with the greateaft 

facility. 
Within the last lew years the hydraulic valve has 

superseded by the rotary slide-valve, in which the wh( 
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ingement ia the same as in the former, as shown by 
mexed Fig. 33, ■which represents the plan of the 
I the valve, with the divisions indicated, and correspoi 

inectione. 
I Pig. 34 rein-esents an elevation of the valve, the o 
•whiL-h IB actuated by a pinion ArorMng into the rack, 
sometimes the cover is affixed to a rod, which pass 
a stuffing-box on the top of the cylinder, forming the u 
part of the valve, and is actuated by a handle. 

On the tops of the purifier covers there should alwaj 
valves, or stop-cocks, of large dimensions, so as to 
air into the purifier when in the act of raising the o 
or to ospel it when lowering them. Also veiy small 
with a single jot attached, intended for trying the p 
oi the gas by means of tests. When the gas ia cha 
from one set of purifiers to the other, the cover of 
purifier requiring fresh lime is removed, when the \< 
lime is discharged, wheeled away, and fresh lime eu) 
tuted. A very common impression exists that the li 
be effective should be carefully sifted and reduced to a 
powder. This is erroneous ; all that is reiiuisite i 
well slaken it ; which effected, it should always be m 
cned to that degree that when pressed in the hai 
adheres together in a mass like snow; but if too n 
wetted it is likely to obstruct the passage of the gas, 
should be avoided. A layer of about three or four in 
thick on the sieves is the most effective. 

It is generally accepted as a rule that a bushel of q 
lime, which, when slaked and rendered into hydrate, 
creases to about 2J- times its original volume, is sufficient' 
by the process in question to purify the gas derived from 
a ton of coal. This, however, must greatly depend on the 
quality of the lime, for there are some descriptions which 
contain a largo percentage of argil, and although admirably 
adapted for hydraulic mortar, they are ill suited for the 
purification of gas. 

Another consideration is, that some coals contain I 
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derably more sulphur compounds tlian others, therefota 

general rule can be defined ; but when properly treated, 
nd the limo of average rjuality, the quantity stated may 
e accepted aa a good approximation of that required for 
he purification of gas. 
In the ordinary method of purifying, the foul gaa ia 
idmitted first into the purifier the most impregnated with 
npurify, thenoo it paGses to the second, and so to the 
Kid, where the lime is comparatively clean. When 
lunfierB ate of ample magnitude, the foul lime if properly 
Bi^tened, remains an active agent in the purification to 
be last ; therefore it ia only when the gas begins to iudi- 
ate signs of impurity at the fifth division, supposing six 
iviaions of purifiers to exist, that they should be changed, 
uil by the employment of apparatus of ample capacity 
uly, can lime be employed to the best advantage. 

Oxide of Ieok Ptjeification. 

In 1849, the discovery was made that certain oxides of 
ron possess the property of absorbing the sulphuretted 
lydiogen from the goa, and that by this process the 
.uisance which attended the other systems of puiification 
rfire avoided. Moreover, that the foul material after being 
^osed a certain time to the atmosphere, was again 
evired and capable of repeating its purifying action, 
liua in ordinary operations with the oxide of iron the 
ame material may be employed for tbirlj or forty times ; 
Itrays being effective but becoming less forcible, aeeord- 
ng to the number of times it ia brought into action. 

There are different descriptions of oxides, but those 
lost extensively used are the natural in combination with 
arthy and fibrous material, which are sold at various 
irices corresponding, we may assume, with their respective 
ualities. Others again, as those to be had of drysalters, 
re intermixed with sawdust, and in the selection of these, 
be manager should be guided by the experience of others. 
,t difficult to arrive at a ia,u; (;o^i:\mQ^ wii 
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ihe value of this material, imlees by experiment c 

aia, disinterested party. 

Some firms arrange to supjily fresh oxide gratuitoS 

> large establishments, on the comiition of having tliB 

privilege to cart away the foul material. Other gaa 

' oompaniee have an arrangement for tho supply of oxide, 

eidier by weight, or measme, or by the quantity o( gas 

purified, or the quantity of cool carbonized ; however, in 

this, OB in other matters, efficiency of operation should he 

L the first, and price the secondary consideration. Tlie 

I quantity of sulphur absorbed by the several description 

r erf oxides is variable ; some of those usually employed will 

absorb about 55 per cent, of their weight. 

The spent oxide is always a marketable commodity, and 
used for the manufacture of sulphuric acid, and this is em- 
I ployed for making sulphate of ammonia. In gaa-wotks 
■ abroad, where the ammonia is thrown away, by the exer- 
I cise of a little inteUigence, the acid could be produced from 
I ib.0 foul oxide, and the residual made a source of profit, 
i Tho writer has employed the material commercially 
I known as oxide of iron, intermixed with sawdust, whicli 
I answered every expectation on the grounds of efficient, 
I economy, and freedom from nuisance : bnt all oxides of 
I iron are not effective for the purification of gas ; therefore, 
I although tliis material may in some instances be employed 
iTrith advantage, it cannot always be relied on. Before 
I purchasing, samples of the oxide should be obtained, 
I Bnd its power for absorbing sulphuretted hydrogen ascer- 
I tained, for wliich instructions are hereafter given. 
I In using the oxide of iron of commerce, or others con- 
I iaining a large quantity of close sohd matter for purifica- 
I tioii, they are generally intermixed with sawdust, slightly 
^tooistened, and placed in the dry-lime purifiers in layers 
BOimilar to the lime, but in greater thickness, and when the 
•Oxide ceases to absorb the impurity, it is withdrawn and 
B|ilaced on n. paved floor for tlio purpose of re-oxidation, 
P^ere are natural oxides nliieh contain a certain amount 
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61 d'broTis material, and ore einploy»l in the state theg 
are received without sawdust, but in all cases before oai 
they should bo properly moistened. 

This means of purifieatiou removes effectively the suk 
phuretted hydrogen ; and when used httle odour arises fi 
it; but for ahstracting carbonic acid, lime must be employeda 

In this method of purifying, the oxide of iron and tha 
sulphuretted hydrogen are both decomposed, the oxygea 
(A the former uniting with the hydrogen, and the eulphui 
und iron combining to form sulphuret of iron. AVhen ths 
impure material is withdrawn from the purifiers, and> 
exposed to the atmosphere, it liberates a portion of 
'lilphur, and absorbs oxygen, to form agtun the oxide ol 
n ; the other portion of the sulphur, being precipitated, 
■ ili injn g with the iron. At each revivification the de- 
/-\t of sulphur is increased, and when the sulphur 
forms about 55 per cent, of the mass, usually the oxida 
is no longer serviceable as a purifymg agent. 

Oxide is always charged ia much thicker layers than 
lime, generally about 12 or 14 inches, but to what degree 
must depend on its nature and weight, together with the 
size of the purifiers. The thicker the layer the better, so 
bng as the pressure is not inconveniently increased. 
When taken from the purifiers, the spent oxide has a 
rlull black purple, and with some kinds a dirty green, 
appearance, and is then laid a thickness of 10 or 12 
inches on the ground at a point especially an'anged, for 
the purpose of revivification. The foid oxide is occa- 
nonally turned over and broken up from day to day, ia 
order to expose aU its particles to the action of the 
atmosphere, .and when it resumes its original colour, it 
is suitable to bo again employed. Considerable labour is 
incurred in this, which is amply compensated by the alight 
expense of the purifying material. Fresh oxide has a. 
tendency to ignite when first used and withdrawn from, 
the purifier ; for this reason only a portion of new material, 
ehould be intermixed with tlie old, as occasion may require. 
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As it is desirable to know the capacity of any particu- 

[ lar eample for absorbing siilphui-ettecl hydrogen, as well 

s to ascertain tlia quantity of sulphur in tho spent oxide, 

i method:a of ascertaining; these points are hero given 

Ki&om Bichards' "Treatise." 



■ To ASCEET.VDf THE VALTTE OF AST FAKTICULAE OxiDZ AS 

A PuEDTiNG Agent foe abbobbikc Sulphusbtted 

HVDEOOEN, 

There is but one way in which tlie value of oxide of inm 
for the absorption of sulphuretted hydrogen can be etti- 
mated, and it is equally applicable to lime and all otlut 




piirifying agents, which ia as follows, and requirea tlifl 
use of two bant tubes, as represented in the annexed dia- 
gram. Fig. 35, with other appai'atuB, as weights, scales, £c. 
The tube a is charged with pieces of chloride of cal- 
cium, and adjusted with corks so as to fit into a "Wolfi's 
bottle, d, as shown, also to receive the end of a bent p'!* 
that is fixed into a largo U-shaped tube b. This U tube 
should have one of its legs and the bent part of it filled with 
I 200 grains of the oxide in question, which has been pre- 
L viously well mixed with an equal weight of sawdust; tlie 
I other leg to have a small piece of cotton wool put into it, 
ind upon this sufficient tibVoTiie al ca.\twm. to fill the leg, 



V OXIDE OP IKOX, 

vMch IB then to be dosed mth a oorlc, through wMiJi a 
Bmall pipo passes, aa eho-*™ in diagram. 

The tube b, when charged, is to be carefully conntcr- 
]ioiiied in a balance before it is fixed to the tube a ; aft«r 
vliich acid is to be poured very gently into the Wolff's 
i«ittle, upon sulphuret of iron, or any other sulphure* 
' it will cause a gradual production of sulphuretted 
■iiogen, which is to be continued until that compound 
■■--da freely out of the small tube a, fixed to the tube s, 
Aftor this evolution of sulphuretted hydrogen has con- 
tinued for about ten minutes, remove the tube b and 
n-eigh it with its contents, in order to ascertain how much 
sulphuretted hydrogen has been absorbed. By these 
nioans the weight of the sulphuretted hydrogen absorbed 
will he ascertained, which gives the value of the osido 
a gas-purifying agent. 

The use of oxide of iron is an economical method 
purifying gas, but aa stated, it is only available so far as 
regards sulphuretted hydrogen, as it poseessea no action 
whatever on the other impiirities. The spent oxide is some- 
times purchased by manufacturers for extracting the sul- 
pliur, when it is generally required that it shall contain 50 
fir cent, of that material. Therefore, when deciding oa 
iiiij' particular oxide, when the foul material is intended 
J'lr aale, it should be capable of absorbing the percentage 
"['sulphur stated. 
I'd ascertain the quantity of free sulphur in spent oxide 
-. is acquired by dissolving the sulphur in combina- 
■ Q with the oxide, with bi-sulphide of carbon and then 
naporating the liquid, when the crystals give the weight 
fif the sulphur contained in the oxide. 

Within the last few years a system of reviving the 
oxide of the purifiers without removing the cover or dis- 
jJacing the material, has been proposed. For this purpoaa' 
a slight alteration in the purifier is required, by the 
addition of an extra inlet and outlet, connected with their 
oorresponding valves, A Ktirting'a blower, aimiluc to the 
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steam exhauster alroady mentioned, is then attached to I 
extra inlet, and connected to a steam pipe provided mQ 
regulating tap. The extra outlet being open, air is oi 
vt-yed through tlie jiurifier and the noxious vapours p 
by the outlet. The purifying material may be revii 
twice or three timea by these means ; but on aocoimf 
the oxide caking, thus becoming too compact in its nata 
and obstructing the passage of the gaa, the proceaa caai 
bo continued beyond tho number of timea stated. 

During the process of revivification the oxide becoi 
heated ia consequence of the chemical change in 
nature, and, on the action ceasing, it returns to ila noni 
temperature. In using tho apparatus and employing s 
material, a proportionately small quantity of air is admits 
-when tho steam in oomhination therewith prevents 1 
oxide overheating. 

Stjiphate of Iron and Limb Puktitcatioh, 
Another method of purifying gas is by means of 1 
sulphate of iron and lime. The mode of preparing ii 
mixture ia as follows: take any given quantity of s 
phate of iron (green copperas), mix with it half its wei| 
of recently slalccd lime, and adding sufficient water 
make tho ivliole damp ; then grind it into pulp ii 
mortar mill, and spread tho green coloured pulp on ' 
ground in a dry place, and leave it so for twenty- 
hours, when it will have become dry and of a red- 
colour, in which state it is broken into % coarse powc 
and is then fit for use in precisely the aamo way as lim( 
used ; that is, it is spread on the grids of the purifien 
thickness of about throe inches, when, supposing ' 
puriiiera of ample capacity, it will remove from the gas 
the ammonia, all the aulphurottod hydrogen and part 
tho carbonic acid. 

The SuLnnTB Compounds. 
We now come to one of the greatest difficulties exj 
Tisnced during many years in gas pui-ificatioa, thatii 
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netiiod of eluninatiiig the snlphar in " other t<ama " 
nilphuretted hydrogen, w^hich expression haa been inl 
laced on account of the obscurity that existed conce 
those eompounds. 

It may be observed that when gas containing an eic 
of the sulphur compounds is burned in close i 
eSceta aie exceedingly disagreeable, and it ' 
desirable that gas shoidd be purified to sudi a 
remove these entirely. This, however, has 1 
impractieable, consequently the Logislaturo has decreed ii 
the various Acts of Parliament that gas should be of tbatl 
degree of purity that not more than 20 or 25 grains <rf 1 
sulphur in any form should exist in 100 cubic feet of gaa. I 
la practice, however^ this degree of excellence was for I 
Bome time difficult of being obtained, when chemists and [ 
engineers alike exei-tod themselves without avail. ¥017 J 
opportunely Mr. E. H. Patterson, then one of the Metro- | 
pohtan Gas Eefereea, directed his attention to the subject, [ 
n-tea he discovered that if the gas were in the first i 
■ -tnnce freed from carbonic acid, the sulphur "in other I 
: 113 "was readily absorbed by the sulphide of c^cium, I 
;he ordinary foul lime purifiers; and by this proeesa, 
■ quantity of sulphur per 100 feet of gas is very oon- 
! rably less than rec[uired by Parliament, 
The means formerly adopted for testing the presence of 
sulphur in gas was with the apparatus Fig. 36, and in the 
manner to be described, which for all the practical pur- 
poses is sufficiently accurate. The apparatus consists of a 
i*it dame, a, of the gas imder examination, over which is 
)iimney gradually contracted into a small tube, b b, half 
inch in diameter, which tube is bent and carried 
K.ugh a metal cylinder, c, about 18 inches long and 2 
, inches diameter. This cylinder is kept full of cold water, 
which is retained by means of india-rubber washers and 
the Bcrowed caps, ^ g, at each end, which make perfect 
joints, and prevent the water escaping. The funnel rf is 
[« supplying the tube with water, any excess of which 
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Bifiows by the syphon /. Hence the vapouta which esd 

k tho oombustion of the gas at a pass throughv 

6 b, wheie they are condensed, and drop in the Btafl 

aid into a glass placed at the end to receive them ; tliefl 

Ic acid escaping at the same open end of the tube. " 

rater which drops from the tube is generally coloai 



Fiff. sa. 

nearly tastelosa, but with a peculiar and not nnpleasant 
odour. 

When a drop of the nitrate of baryta is added to tin; 
water condensed from the combustion of ordinary gas. a 
floceulent white powder immediately discoloura the water, 
which is the sulphate of baryta. 

To obtain the whole of the sulphur present some car- 
bonate of ammonia should be placed around the jets of 
gas in a vessel for tho purpose. The vapour of ammonia > 
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■ up the tube combinea with tho Bulpht 
fttad the sulphur componnd ia condensed in tho wal 
b form of sulphato of ammonia. 
~s at one timo ^as considored a very severe teet, b 
n requiremonts demand other and more perfect 
3 following is an abstract of the inBtructiona gin 
e Metropohtan Qas Befereoa for testing the sulphi 
jounds other than sulphuretted hydrogen, it bein 
tood that tho latter is readily discovered by tl 



le gas for this test aboU be burnt at tlic rate of atout Imlf 
■ foot per boor, until ten feet ia conaumed, wbcn tbc supply 
)d b; a Belf-acUng moyement. 

he njipaTaituB to bo employed is rppre^onl^d by Fig, 37, luid 
■ tHiowmg descriirtion : tho gss la burnt in a Email fiuuM 
t vith steatite top, wMcb in 
' d OD a abort cylindriuil stand 
sd ■with tolea for the admisaioQ 
k md haying on its upper snrfaco 
f drcidai channol to roceivc the 
a glaaa trumpet-tubD, On 
] t>t the stand, between tho 
1 of the burner and tho 
ing glasB trumpet-tube, aro 
TuTwplaced pieces oi commercial Hesqui- 
i arbonata of ammonia wdghinfc in all 
k ahnt two onnces. 

■ "The products both of the combos- 

|f Ikn of tho gas and of the gradual 

idatiliBation of tie ammonia aalt go 

I ujwmdfl through the tmmpet-tubo 

.!i> a vertical glass cylinder, packed 

,;li balls of glass, to break up the 

Ttnt and promote CDndensation. 

m the lop of the cylinder there 

I i.pda a long glass pipe or chimney, serving to effect some furtht 
i-li.iisiition, as well as to regulatu tho draught and afford 
! lliu uncondensable gases. In the bottom of the cylinder ii fin 
-LEuJl glass tube, tbroug-h which tho liquid formed 4\irin%tticteat» 
a beaierplaced tanealh. 







"All tie conaoctions of tba various porta beinE fetSecW^ 'L\^'!.,'Ca^ 
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To Pketaue Toemerio Paper. 
Turmeric paper is prepared by pouring three ouii< 
"rit of wine upon half an ounce of turmeric powder 
a stoppered bottle ; shake it daily, and at the eD 
fbnz daya let it repose, go that the brown powder 
settle at the bottom, and leave the liquor above c 
Then place the liquor in a clean plate, into which 
some pieces of white filtering paper, and when they 
well Boabod hang them on a lino to dry. This done, 
paper is cut into strips of the dimensions already st 
whc-u treaticg on the blue litmus test, which are 
put in a wide-mouthed bottle, well corked and kept 
drawer away from the light. This, like the litmus 
acetate of lead tests, should be alightly moistened he 
being used. Turmeric paper, when exposed to a je 
gas containing ammonia, is changed from its yellow cct 
to a reddish brown. Ammonia is also detected by dip 
a glass rod into hydrochloric add and holding it 
stream of the gas, when, if ammonia bo present, a w 
cloud of sal-ammoniac will be produced. 

To Prefabe Acetate of Lead Pateb. 
In a bottle containing two ounces ol distilled yi 
lilace a quarter of an ounce of crystallized acetate of 1 
and when thoroughly dissolved, saturate pieces of n 
bibidous paper as describeil, and when dry cut in 
and bottle aa already stated. On this test being exp 
to gas containing sulphuretted hydrogen, it bea 
darkened and eventually browu; if after an expo 
of three minutes the paper does not become discoloi 
the gas may be considered free from this impuB^^ 
When applying either of theeo tests the paper is slightly 
damped and held within about a quarter of an inch from 
a fish-tail burner from which the gas is issuing in full 
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To Phepabb Test fob Cajibonic Acm. 

) a bottle containing a quart of water put tua^ 

B of quick lime, allow it time to diesotve, eliako it 

isionally, afterwards let tlie lime settle, and when per- 

V clear, traasfer the liquor to another bottle, whidi 

" ' ' 1 kept aecurely corked, For teeting, a piece of 

li lead pipe or india-rubber tube may be attached to 

'1 tap, when the gas under exominatioii is allowed to 

r through a quBntilj of the lime water placed in iq 

p-glas8 or other suitable vessel. Should the ' 

a clear after a trial of two minutes the gas may t 
iDunced free from carbonic acid ; but, in the present 
is, the lime water becomes cloudy or milky, accordisgl 
6 quantity of the impurity. 
!n maay gaa- works the " constant test " shown in Fig. 43 
» employed. For that purpose two pieces of test papor, 
acetate of lead and turmeric paper, are suspended within 
the vessel, their ends dipping into two cups containing 
water, by which means the papers are always kept moist— 
' :itd. A burner, consuming about two feet per hour, ii 
.i'.tached, and the gas in its passage to the burner issuw 
i.i.im the two jets and impinges on the two slips of paper ;. 
:.'!'.' case being of glass, allows the test papers to be 
IjrfCTved, "When gas is well purified, sometimes theaV 
■■■ ill remain in the apparatus twenty-four hours without 

■ T.oming soiled. 
It may, however, be more convenient for many gaa 

:. inagers to purchase the teat papers, together with the 
jiparatiismentionedhoreafter, when treating on the manu- 
irturo of the sulphate of ammonia such as the Twaddle 

■ ,i!romctcrs, the alkalimctor, and the teat acid. Tbo only 
unn that supply them that we are awaro of ia, A. Wrighfc 
Mid Co., Westminster. 
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of Commimd 1_ 

•■d Girdcn — Genaral J 
«■— angle Lift— Telca^ 
■d A^aratiu i«r Ghu-M 

I sketch, the gas-h< 
I mi, at Uw period vhen the e 
< attnat tta atteation of scientific d 
■ w«n oripaalty tanned gasometers, ^ 
■MfRnSK BOW applied. This name n 



by tkc isMBtor o( Ha KgfaxxtoB, irho at first 1 
tmij aa a ■gawret of gas for experimeatal purpos 
as tt^ aia seUiaa BBcd for meaenieme&t, but ai 
Tosads ot Gai<aaty or atores, the maple name of gae-hi 
M man «ty o Mi T8 and ^fpropriate. 

Tha gas-holder is oampoG^d of ttco distinct parte, 
wUdi coulams mter, and is called the tanh, the othcii' 
die vessel vMch contains the gas, being really the ^i 
holder. On the Ooutiiient the former ia very genera- 
termed the "eastern," and thelattor the "bell." 

The earliest gas-holdere were made in the form of cabta 
and other rectangular figures ; but these possessed eereral 
disadvantages, independently of tlie waste of mateoal 
required to construct a rectangular figure, as compand 
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with that necessary for a cylindrical ressel of Einy givtt 
capacity- The comers and angloa of the square figri 
were also found to require bracing, and tither procautioi 
Tvere requieitfl in order (o render the resistance uniform. I 

In the earliest years of gas-lighting, wooden tanks n 
mode for the gas-holders to work in, but this woe at a ti 
when these vessela did not exceod in size some of the large 
TBts, or backs, in use at the great porter breweries. Tha 
construction of these wooden tanks was in fact intruste d 
to back-makers, who used to guarantee tho duration of ttii^| 
Te&selfi for some poriod of tdmo agreed on ; however, thea^| 
lanka were speedily destroyed by the action of the anmiouia^| 
uJ hquor contained in them corroding' their hoopa ; bosidoi;^! 
.. is evident that the rapid increase which took place ^1 
die consumption of gas, and consequently the size of gaa^^ 
iigiders, required the adoption of a different material f<w 1 
the tanks. I 

After a deputation from the Hoyal Society, iiith SIrfl 
Joseph Banks at its head, had visited the gas-works of thtf fl 
Chartered Company in "Westminster in the year 1814, thegrfl 
Strongly recommended Cktvemment to restrict tho compoiq^ 
from constructing gas-holders exceeding 0,000 feet iaiM 
capacity, which were moreover to be confined in very strongi 
buildings. When Olegg published his work in 1841, hofl 
lays, " Gas-holders are now constructed to contain 250,000 ■ 
leet." Since tlien the dimensions of gas-holders have been 
increased in an extraordinary manner, as about twenty 
years ago they were made of the capacity of two million 
fi*t each, and for some years this was considered tho largest 
i^e consistent with economy of conatruction. About seven 
v'-'ars ago Mr. 0. Woodall constructed a holder of three 
millions, which, in addition to being the largest in the world, 
was olflo for its capacity the cheapest. But this has been 
mipassed, not only in size but ia cost, by the holder of fivo 
million feet, erected by Mr. Livesey, hereafter referred to. 

The ffos-boldercoDBista of tho gaa storB oi \ioV4.CT a.U'V^-t*' 
taai. S3iB tank ia usually constructed, ioi ^a salta '^'^ 
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qoires in being expoUed from the coal, presBing on the 
Burfaco of the water and imdemeatli tho roof, and over tha 
rhole area of both, causes the holder to riae. Thus, by 
its own force or pressure, the gas provides room for itself, 
itnd in proportion to the quantity entering', so does ttio 
bolder rise out of the water. For instance, a boldeT 
haying 100 feet area, or about 11 feet 4 inches diameter, 
in rising 10 feet will receive 1 ,000 cubic feet of gas, and in 
descending tho some quantity will be expelled. 

The water in the tank Herrea three purposes ; it ia the 
means of resistance for the gas to lift the holder, it pro* 
vents the gas escaping or intermixing with the atmosphere, 
and is the means of expelling the gas when the holder 
descends. 

Gas-holders, although often suspended, are nover entirely 
counterbalanced, but always have sufficient weight to give 
the necessary pressure to force the gas through the mains 
md burners. A gaa-holder when in action should never 
Vifl filled entirely, but at least one plate, and in telescopic 
I kilders, the two lowest plates, should be left immersed in 
j tlio water, in order to allow for any expansion of the gas j 
I ind in oiir opinion a large portion of the " unaccounted 
I for gas" is lost, at tho gas-holder, by overfilling, when 
r sny mcreaae of temperature expands tiie gas, and causes 
' (he holder "to blow" 

lu the department of gas engineering there are several 
iuufacturing firms of eminence, who devote themselves 
ilie manufacture of gas-liolders, and the concentrated 
-.:,Luntion which the subject thus receives has undoubtedly 
iled to very favourable results. An engineer in erecting a 
Trorks may receive tenders for his gas-holders from a 
jiumber of well- qualified contractors, who have relatively 
their own method of construction, and thus he may be 
saved all the trouble and responsibility of dosigoing theso 
vessels himself. 

As explained hereafter, there are the single, the double, 
and the treble lift holdei-. By meana of the two last the 
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^^b^acitj' ot a bolder for a tank of any given dimes 
^Rdb^t be nearly doubled by the double lift, and treble 
the thi!««-lUt holder. 

QAS-noLDER Taxes. 
Tho tanks of gao-holders are formed cither of 
ma^oDiy, cast iron, and sometiiueB, altbougb very r 
of wrought iron, as well as a compound of materials 

within the hut few years thoy liavo been built of con( 

, to each of which coastnicUona we will now refer. 

BnicK Tanks. 
When tho nature of tho ground is solid and ] 
~ e tank of a gas-holder being constructed in brickwoi 

■, the tank is sunk to a considerable depth, a 
generally built, the top is about 1 foot 6 inches or S 
above tho level of tho groimd, for tho purpose of pre 
anything from falling accidentally into it; but in i 
cases, whore water prevents the excavation being ca 
enffidontly deep, tanks of brick or masonry- are ma 
project as much as 6 feet above the level of the sui 
When this occurs they must be remarkably well 
Btructed and of incrooeod thickness ; also, for gn 
security, the port projecting above the ground shoul 
bound with one or more iron hoops, similar to those 
ployed in cast-ii-on tanks. 

Formerly the whole of the ground in the centre d 
tank was removed, making the bottom level ; this aya 
however, is now superseded by leaving a mound in 
centre, in the form of tho frustum of a cone or a part 

Whatever may be tho kind of tank intended to be ei 
the first consideration is the foundation, and tho nal 
tho ground wJiero it is to be constructed. The choice 
also depend on the description of material at hand 
the jirice; thus whether bricks, stone, or ballast, t 
niost available, will decilo on. "tb-a iifiacn^\ti'Q. lA \w^'w 
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bo erected. But ^ould the dto be doubtful as to iti 
liability or subject fo any iniuulatioas, or abould tlia 
rogiuTed skilled labour or tuat«rial for u brick or s 
tank not be at cDmmand, a cast-iron tuuk «ill bo the moot 

suitablo ; and although it may be more costly, it b muoh 

"^fT than any other, particularly when the proper men for 

] liog are not available. 

.\'itiiiii tho last few years, by tho more gontral apj^Cit- 

.1 of Portland cement, a remarkable change has takim 

l\jo2 la the construction of tho class of tanks ui 

cikration ; and in many cases where clay suitable for jiuddlo 

ciinnot ho obtained at a reasonable cost, brick tanks ara 

built without it ; which with good material and euitablo 

irorkmon at Land offers no serious difficulty, but demands 

great care. 

When building a brick tank without puddle tho bricks 
ehould be well buiiit, and thoroughly saturated with water 
just before being laid ; and each brick shoidd be well 
embedded in the hydraulic mortar or ct-mcint, so that tha 
whole of the work shall be soHd. Beyond these piecau^ 
tions there is nothing particular in tho construction of a 
holder tank, more than in any other load of bmlding. 

However, it is generally considered by engineers, that 

when puddle can be procured at a moderate cost, the whola 

Eirface of flooring of the intended tank, should have t 

' ;i r of about 12 inches of that material, well tempered; 

','1 trampled down before eommenciag the building ; and 

; i.ourse this, as well as the puddle at the back of walla, 

il have to be considered in the dimensions of the excava- 

a. This opinion we hare no hesitation in saying is old- 

■liioned, and with the excellent building materials si 

■ tjiue has lime, and Portland cement at our disposal, tlw 

'060 of puddle can be entii'ely discarded. 

The thickness of brickwork or masonry for a tank, n 
depend entirely on its size and depth. Small tanks— on 
Kooant ot not having the gome column oi wa\,<^ic \a i 
agaiaat—regmre walls of Jess thiekuosa tliaa thbOb (AV 
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dtmonBions. Under ordinary circumBtaiiceis, for a. tank of 
87 feet diameter and 16 feet deep, the Laso of foo 
should be 3} bricks wide, ^Tith offsets on the outaide 1 
w 6 couisefi, when the wall of the tank commences ; 
ahould bo 2i bricks thick at bottom, diminishing b 
offsets on the outride to H brick thick at top, tern 
irith A stone coping, or, when strict economy ia neced 
fi coping of brick on edgo. 

For a tank tOO feet diameter and 25 feet deep, the 4 
should be 4 bricks thick at bottom, dimiuiehing t 
bricks at top ; the footings being 6 bricks 'wide at ^ 
gradually diminishing, as before stated, to the eonjse u" 

the wall commences. Piers will alsohavo to be carried 

£rom the footings in order to receive the holding-down bolU 
by which the guide-columns or standards are secured. 

When buildiug ft brick tank, as far as practicable, the 
whole of the sides should bo carried up uniformly, aad 
the piera for the standards well bonded with the waSL 
Tho whole of the bricks, as already observed, ahoidd hn 
good, hard, well-burnt stocks, and thoroughly saturate! 
■with water previously to being laid. The importance m 
having the bricks well wetted can not be overrated wLm; 
good, sound, and strong work is desired. 

Eoman cement, which at one time was used for hydraiil' 
work, ia now no longer employed, for the simple reason tl.. ; 
it seta with such rapidity as not to give the requisite tui', 
to work it properly. Most of the common mortars, when ; ■ 
contact with water, will dissolve by degrsea, become soft, mi > ■ 
in time the joints will be imperfect, and the dosljuctni. 
power of the water will soon show itself on the brickwork ; 
therefore cement or hjdi-aulic mortar must bo omploycil. 
Tho best material of all for mortar for hydraulic work, ii 
undoubtedly Portland cement, mixed with two or thr. : 
times its bulk of good clean sand. This cement, when enli : 
ing into the formation of concrete, will set under watui 
supposing this to bo stUI ; hence, when making f oundatiomi, I 
the concrete can be thiown into im ox.co.'jsiaKfQ. wraSajsia^ I 
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.^'T wHh evfiiy aBsurance pf its Itaideniiig. Another 
:lity of Portland cement la tliat with time, it incroasBB in 
iiiess, until at the end of a year or 80, it becomes c 

■ ;;ibly harder than many descriptione of etoue. I 
' mi^es alao a good hydraulic mortar. Also a natural 
liiftion from Italy, called puzzolana, resembling in ap- 
i:ittce, when in powder, the red oxide of manganese, j 

y c-sceEent for rendering ordinary lime hydraulic. Pre- 
L^ly to being used, the puzzolana should be ground to 
iwder, and mixed in the proportion of one of that to 

■ ii or four of lime slofeed, and the corresponding quantity 

-;md, to be made into mortar. 

Puddle is formed of plastic clay, and ie sometimes pre- 
pared by men treading upon it repeatedly, and moistening 
it with water ; but by the most improved method it is pre- 
pared with a pug mill . "When puddle is UBed, on the 
excavation being completed, tho whole of the area of the 
bottom is covered to a thicknesa of about 12 inches of that 
material ; which, after being properly levelled, the brick- 
work ia commenced thereon. The epacos for the piora also 
■TO conBidorod in the excavation. 

In the construction of a brick or atone tank, whether 
■with or without puddle, the footings of the walls and plora 
are first laid, and upon these tho wall is carried np as 
described. When economy is considered, tho top of tha 
tank is finished by a course of bricks on edge, which for all 
purposes is all that ia required. However, many enginoera 
go to the useless expense of stone for coping, as well a 
the foundation of the standards. Where money is abundant 
there can be no objection to that luxury ; but when thia ia 
not the case, brickwork alike for the top of the piers, and 
building in the holding-down bolts, answers every purposBi 
In carrying up tha brickwork of the tank, the puddle is 
placed in a uniform thickness against the outer side of the 
wall, and as the space between the puddle and tho solid 
gnrasd hecomea wider, this must be careiullj Slifti VaViIilK 
earii well rammed in tbia courses, correspoTidiii^ m'ix "i 
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k tbicli, Bet in hydraulic mortal tu tho height of Uie g> 
a it will be fioishod \>j n coiusa of bricks on edge, a 

"All larploG earth to be carted away, and (he gronnd left IsT 
I Wore the commencomiBt of the work." 

In tho preceding some idea of tlie metliod of cocstruc 
brich iaakA without puddle is giyen. As our spac 
necessaiily limited, wo iiitoad only to furnish abstj 
from spedfications. A form of the general condition 
oontracts between a gas company and contractor, by 
Wyatt, ia given hereafter. 

Stone Tasks. 

Where stone is abundant, tanks can bo constmcb 
nomically with blocks of about the size of large pai 
stones, buUt in hydraulic mortar, backed with i 
masonry, the walls being rather thicker than ■when bn 
brick. A perfectly sound tank can be so constructed i 
out puddle, tho only precaution requisite being, to 
moisten tho atones and embed them in the cement orm 
as indicated already in tho construction of brick tai 

■When tho ground is soft it is cheaper to make 
centre nearly flat; but should the foundations be t 
water then the mound in the centre has an advantag 
it avoids excavating, concreting, or puddling ij 

In some localities neither puddle nor bricks are t 
obtained, when reeourso must bo had to the buT 
material of the country ; and this, in some of the is 
of the Mediterranean and elsewhere, consists almost 
tiroly of freestone, which serves alike for walls, roofs, 
often flooring, thus replacing bricks, tiles, and boan 
In such places a more suitable material for gas-lu 
tanks can only be procured at a most extravagant a 
nevertheless, even with this, a good and sound tank Ci 
constructed without the aid of puddle. 

For this object the stone is obtained in suitable blootal 
and faced to tho reijuiied cur^e, && iiiiM>&a.^\aQ. <« Suawiaii 
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lich in some localities is very expessire, and at timoe ft 
nnot be obtained at any reasonable price. 
A composite tank waa constructed by Mr. Livesey, nt th« 
tath. Metropolitan Works, London, of 153 feet in dia- 
«tex and 38 feet deep in tbe clear. Tbe wall of Uiis in 
feet 3 inches thick at the bottom, diminishing to 2 fert 
inrlies at the top, including bricks and concrete. Tho 
iiole area of the bottom, as well as beneath and outside 
K wall, is puddled. The saving effected in building this 
ukby using concrete instead of brickwork waa £1,700, 
nd there is ovory reason to believe that, in addition to the 
oonomy, tho former is stronger than the latter. 

CoNoitETE Tanks. 
In some loc^ties, where ballast and shingle are abun- 
'-"t, the most economical tank is that formed entirely of 
vi.te, which construction has been recently adopted at 
lis of the largest magnitude. Wo may also observe 
'. iiuring tho last few years concrete walls and buildings 
' '. become of very general adoption, and it would not be 
■ring to the intelligence of gas engineers, if they 
-I'Oted the use of this material in tho formation of 

",:>-■ merit of making the first concrete tank is due to 
Douglas, of Portaea. The system employed by that 

■;lenian is as follows. Tho excavation being made, a 
v of concrete of the deaired thickness is placed so aa to 
L the footings of the wall, which being perfectly 

. lied, tho Tvall is commenced. For this purpose there 
,L number of moulds, of which a portion is niado to the 

;Tature of the interior of tho tank ; another like number 
■■lit the exterior ; whilst others are made corresponding 
1 the piers. These moulds are formed of stout boards 
siy 9 feet in length and 2 feet in breadth, placed in a 
. ..uial position and parallel to each other in the exact 
' Y Triiere the wall J8 to he built. They are ac^aTEAei. 
i o&er a distance equnl to the t\ii«biiBas ol *()(«■ 
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■tended wall, but secured from farther aeparatiwi 
olta and mita. Those being arranged, Uie conorel 

retully placed therein in such a manner as to avoid 

" ete or spaces in the wall, and in the courBe of tw( 

' days, on the concrete becoming set, the fTani 

tached by unscrewing the nuts and removed to anff 
part, after which the bolt-holes are securely closed. 

But in the meantime the other parts of the wall 
constructed with other moulds, so that the men empte 
(who, when compared with those required for a brick I4 
are few in number) are constantly engaged from the 6 
mencemeut to the termination of the tank. From this 
obvious that an ample number of moulds is neceaaaq 
order that no delay may occur in the work. Thek 
course around the tank being completed, which wa I 
assumed to be 2 feet high, together with the comma 
ment of the piers, the moulds are placed for the set 
course, which is carried out precisely in the same max 
as the preceding. However, the precaution has to 
observed, that when building, previous to laying fi 
concrete against that already set, the latter should be 
wettfd, aa already indicated in building stone and h 
tanks, in order that the fresh concrete shall adhere to 
other. 

One of the most interesting structures of the kind 01 
oonsideration is the concrete tank with its coriespcmj 
holder lately erected by Mr. VaJon at Bamsgate, ! 
tank is 112 feet in diameter and 26 feet deep, 
entirely of concrete rendered with Portland 
and sand, in the proportion of one of the former to 
of the latter. The excavation is annular, and in 
to within 1 1 f oet of the top of the tank, at which poin-fc 
whole of the ground is removed, thus leaving a cyl 
or " dumpling" of about 102 feet in diameter and 16 
deep in the centre of the tank, Tho concrete coneisi 
'Tiree of ballast, two of sand — both clean and free from 

md one of Poiilaud cement. Iko oiAet -wiiJi. a^iess 
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it thick, but the part above the chalk is sapportod b^. 

'' ' n bands 6 inches bj 1 moh, placed at equal distaacM 

" I solid with the concrete. The inner wbU; 

a 18 inches thick. Both vails, as irell as the top 

mpling, aro rendered with cement as Elated. 

i method of construction differs materially from that, 

Ey described, for instead of employing a number o£ 

Jfl, a wooden framing was made esactly corresponding i 

Che interior of the wall of the tank, and one ttalf 

This was fixed in its position, when the concreta- 

a thrown into its place. On the lower half, 

Jr completed the framing or walling was then removedJ 

■adjusted to the upper half of the tank, when tha 

e work of the outer wall was completed. The inner 

Ls formed in a similar manner. This tank is perfectly 

i, and is in every sense on excellent structure and 

^3,500. 

|i this sinks almost into insignificance when compared 

Vtt concrete tank designed and constructed by Mr. 

J Livesey, at the South Metropolitan Company'! 

"a the Old Kent Eoad. This tank is 216 feet in 

Eater and 55 feet 6 inches deep at the sides. It is 

d entirely of concrete, without a brick or stone in tha 

y sense of the term, or a single yard of puddli 

frhole of the building. The ground where it is erected 

g sand, with abundance of water at tha 

k of eleven feet, and necessarily it would be supposed 

■ a very costly structure by reason of the soil and the 

ft depth and diameter of the tank ; yet strange to say, it ia 

g tiiB cheapest tanks on record, aBitcoatbut£l8,5U0, 

k is little more than £9 per 1,000 feet capacity of the 

e holder working in this tank has three lifts, rising to i 
a height of 150 feet ; the framing and standards a 
constructed as to obtain the greatest amount of strength i 
from a given weight of iron, and considered ia thia S' 
the eiracture possesses great interest £or tWe 60:5 
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llthongliwantlnginoniamentatioQ for the casual observer. 
~ o liolder and tank complete cost £46,890 for a capacity 
( 5,500,000 feot, or £8 10a. 8d. per 1,000 feet capacity of 
T with its taak, wMcb is the cheapest apparatus of the 
land ever erected. 

The success of a concrete tank depends on the caw 
bsorved in the operation of construction ; and the prin- 
apal points are, to have the sand, ballast, or shingle fres 
"pom dirt and earthy or clayey matter. "Whether the sand 
^TL'^ is not material, but it must be clean, and 
it granulated the better. The quality of good Portland 
nient, and the proportions for concrete as defined by Mr. 
Pyatt, late constructing engineer of the Oas-Iight and 
Coke Company, are as follows ; — 

"The cement not to weigh less than 113 lbs. per imperial 
tuflhel, and to be tested from time to time by those iu chaige 
\l>t the wort, for cohesive strength and setting properties. 
There must be a cohesive strength in the pure cement of 
more than 200 lbs. per aquare inch, after seven days' im- 
mersion in water, and 500 lbs. after one year's immersion. 
"The whole of the concrete to be composed of 1 part of 
Portland cement as above, and 7 parts of gravel mGasured 
diy and net. The gravel to be composed of 5 parts of coarse 
screened stones, up to Ij- inch diameter, and 2 parts of sand." 
The ballast from the sea-shore is the most suitable for 
the purpose, on account of ifa freedom from dirt. Sea 
sand for building dwellings is not desirable, because it 
retains a portion of salt, which shows its presence in wet 
weather by the walls becoming damp. This, however, in 
I a gas-holder tank is not to be considered. 

A concrete tank is liable to much greater variation in its 

ftjOOst than any other description, and will mainly depend on 

ftie price of Portland cement and the ballast. Wo believe 

Biey ought, under favourable circumstances, to be erected 

t about £8 per 1,000 feet capacity. 

When entering into the deacription of the construction 

I oontirets tank, Mr. UougVaa ^\e& wsme i^s^aiia, '-cv 
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whicli he says, "Throwing the concrete from ft heigj 
should he avoided, because tho elements of the concr 
■'.jving different gpecific gravitieB, fall in a heap tofj^thoi 
1,1 the cement is thus Beparated from the other material' 
I- axe of opinion that the defect of this arises from t 
^.|uid cement heing ejected from the mass when falling a) 
the ground, by which the concrete is rendered porow 
We also differ on another point from that gentleman, whe^ 
lie asserts that, " concrete will leak hke a colander." 
In our opinion, the degree of impermeability of a 
;■(? of cement and sand will depend on the freedom of d 
...-.tar from any foreign matter; for it being conceded thi 
pure cement is not porous, it follows that, if intermixed witll 
powdered glass, then both on account of the cohesive 
affinity existing between the two Bubatancee, as well as 
■iieir nature, the compound will be as impermeable as the 
^■i? cement. If, again, the cement be intermixed with i 
rfectiy clean sand (and if granulated all tho better), the J 
liiture will be found equally desirable for tho object, I 
TLis is not only correct in theory, but is confirmed by 6jt« I 
perimenta made with the view of determining a point upon 1 
■sliich much diversify of opinion exists. 
To this we may add that in an experiment made to test 
1, suitability of concrete for a tank, we made one of amall 
-L-avel and cement of about i an inch thick, 8 inches high, 
and of a lite diameter. This was filled with water, and 
I remained perfectly tight during several months, which la J 
OUT opinion settles the question. However, it must ha 1 
I admitted that engineers have been very cautious in intro- I 
I ducing any improvements into the constmction of holder J 
I tanks, and when the risk is duly considered it is notl 
■ ■Raising. 
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ii bbA* t£ (ait ino, the pieces of vbiii 

^■■^ l'i*BB aboot 4 ieet 6 inchee long 

• an round them d 

I an cast nith hola 

B the bolts used for fixing 

■ TS17 in thickness accord- 

I «< Aa tank for which the^ a» 

boKSOto 130 feet in diameter, 

tewBirmg from I^ to 1 ind 

VBj bma li to 1 inch thick for 

1 f to f indi thick for the top 

l^tiaki Mm thinner than Ihoae 

r and 10 feet deep they 

tmt Abk f ndi for the bottom and 

i 1^ bA 4v Ins for the top tier. la 

to flMM bom baaids or boops around 

■ toad* aaofffi -mish cotters, as with- 

■ rf Ab toak cannot be assiired. 
8 a bolder wi& a. cast-iroii 

1 20 feet deep, afur 

I farm few days, the tank 

■^ yn* wfEj- and tka -abole became a complete 

• was Ignited by some light 



i pat in darknees. 
, ablioagli not in action i 
Iha OHM of tUa aaiAaat was the weakneaa 4 
t, aad Aaae gniag waj, tlie tank by the force UM 
e pieces, and a low w 



Iiito tanks an Bade of rarioos eizes up to 150 fcvt 
dioaeter, bat sddora more tlian '25 feet deep. The colu 
n wHmlaiilii for guiding the holder, are generally att3< 
to brick pen by means of boldisg-down bolts built 
vrliiiji piers ozo BepBz«ite& tiom 'Ck« \mA^qt, ' 
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any settlement that might occur with the one would t 
affect the other. For very small holders, brackets fa 
carrying the columns are cast on the tant, and the cola 
are connected together at the top hy T iron girdi 

"When cast-iron tanis are erected , they require a siiitabl 
foundation of concrete, which should bo made perfect^ 
level, and the bottom plates securelyembeddedon tho mortar 
Sometimes baults of timber placed transversely are iise< 
instead of concrete ; but as these are likely to be destroyed 
by rot, on this account concrete is decidedly preferable. 

The flanges of the bottom plates are always inside 
the tank, which offers great facility for bolting and caulk- 
ing the joints. The flanges of the aides are generally ott 
the outside, but sometimes, although rarely, for the salMi 
of appearance, they are placed inside the tank. Tbiflf, 
however, is very injudicious, for in this caae, in the event o" 
a plate breaking or a joint leaking, after the holder is ii 
eperation, it is very difficult to repair. 

The following specification will clearly describe thiR 
,. manner of constructing the vessels under consideration :- 

' Sfteijieatien of a Caet-iron Tank for a Gaa-hoidtr iOfai i*it diamtier a 
' 12 ffeldelp. 

I "Tho tink tolio 41 feet in diameter and 12 foot deep to lop of i 

Ildnal Banges on the tiottDiii plates, intemtil meaeuro, and to be coO'' 
Kracted as foUowB : 
"The bottom to be formed of fonr rings of platoa, with a centn 
|il>te 3 feet in diameter by J inch thick, Tho first row 
OnlTG plato to be 4 feet 4 inches long, by 3 feet 1 inchwideattheoutot' 
*Dd, by 10 inches at the ioner end, and \} inch thick of metal. Ths 
Second row to be 4 foot IDJ Inches long, by 2 foot II inches wide at 
the mrt«r end, by I foot 7 mches wide at the inner end, and H incEl 
Ibick of motal. Tho third tow to be i foet lOJ inches long, by 3 feat 
wide at tho outer end, by 2 feet ^ inch at the inner end, and H inch 
thick of melttl ; and the foorth row to be 3 feet wida at the eater en£ 
by a feet 3 inches wide at tho innor end, and J inch thick, and to b 
4 feet lOJ inches long from the inner end to the inside of flange on th 
onler end ; this outer flange to project 3 inches a.lwTB tta ^lata and tO 
be cuired to M to eoincids wiUi the radius o£ tiw tani. Qn.'SaftV 
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al tLw Bulge ta to bo formed the floDge (or bolting to Uie IwU 
lug of Kde pUtea, thoa : 

"The whoI« of the bottom plates to have Danges | inch thick 
en Ihem, And projecting 3 inches nbovc their upper surface, and ; 
Tided with i inch aquan holes for bolts placed 6 inches apait t 
centte to centre, alao biackati f inch thick between the bolt-hi 
Each Bftnge to bo Kt back -fy ioch from the edge of the plate bo a 
leaie a apace of } inch for jointiiig. 

"Tha plates to be belted together by bolts j; inch thict, aqi 
nndui the head, with strong hexagonal heads and nuts, and prov 
with \i inch waabers, the joints to bo made with ordinary iron ce 
well canlkod in &om the intdde. 

" The aidee of the tank to be formed of three tiers of plates 
tier co md rti D g of forty-threo plates i feet high and 3 feet wide, 
tndy curved on tha inner dde to a radius of 20 feet 6 inches. 

"The bottom tier to be J inchthick, the middlB tier ii inch thiok, 
the top tier ^ inch thick. Each plate to have a Sange f inch t> 
cast in each of its foor sides, and projecting 3 inches beyond its o 
Borfsce, with J square holes for bolts placed 6 inches apart fromoe 
to centre, and interroning brackets |^ inch thick between all the 1 
holes. The outer extremity of these flanges to have chipping pi 
cast OQ them iV inch thick, the thickness of the plate, so as to leava 
■pace of I inch for jointing. 

"These, like the bottom plates, to be bolted together by bolts f i 
thick aqimre under tha heads, with strong hexagon beads an ~ 
and provided with ^ washers. The joints to be made with o 
cement, well caulked &om the ontside. 

"The bolt-holes most be cast on the flanges in such a mann< 
coincide exactly with each other, without chipping or enlarging v 
the plates are fitted io their respectiire places. On the onteide of 
bottom and middle tier of the side plates, and at a hoight of 2 
above their lower edges, a rib of flange is to he cast 3 inches wide 
J inch thick, with brackets on each side f inch thick and 6 i 
apart These ribs are intended to form a continaoas and level hf 
around the outside of tank for the wrought-iron hoops. The vt 
flanges at the points where these ribs intersect them to have p 
tious cast thereon, for the purpose of supporting the wrought 

"These hoops or baits to bo three in number, one i inches b 
and I inch thick, for the bottom tier ct the plates, and the otben 
inches broad and i inch thick for the remaining tiers. Each b"' 
be provided with throe joints or couplings, in no pBrt of less sb 
than the body of the b«lt, and with cotters of the same thic 
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A Mstion of Iheee belta to be in two pieces, which an Ia be o 

id b; a fish-plate IS iocliea hag, avd of the widLh *nd thicka 
» respertivB bolts, and riveted thereto bj J-inch rivet*, at 3 in 
it from each other. 
''in the centre of cioaof the platea, formiiig thecenlioTO 

j> 5 inches in ditunetei to be cut for the inlets, atul in tl 
omtie of tbe adjoining; piate a hole 6 inches in diameter for the i 
^ P?. Each plat« for a space of 3 inches round the bole to be m 
. iT^'A thicker than the rest of the plate. 

"The whole of the plat«a to be fitted together and ptaioly miukal| 
: t fixing in theit rospoctivc places, and to be painted with a coat tt 
''^U'Jic oxide paint prcvions to delivcrf . The whole of tbe matcc 
i i-.iQ specified to conatitute a tank, which, whon erected, shall t 
-■■A; cylindrical and of the dimensions given." 

3 total weight of the tank thus spoclfied is 57 tons 
rt., of which about 52 toBfi ore oast iron ; the rest, com- 
g the hoops, bolts, and nuts, are of wrought iron. On 
ing, therefore, the former to he £8 and the latter 
Kper ton, the price dehvered would he £512. To thit 
\he added carriage, say 20b. per too, and eBtimating. 
iBO of preparing the ground and erecting the tanki 
p £60, its total cost would be about £630. 

n tanks cost about from £25 to £33 per 1,000 feet' 

taij of tank ; therefore their high price only permite 

r being adopted under exceptional circumetances. 

CoMPoinn) Tanks. 
s which are oonatruoted with the outer wall or sides 
t iron, and the centre part of clay, concrete, or other 
1, are called compound tanks, but however desirable 
J may he in certain localities, they are seldom adopted. 
Ehere are certain localities where the site is of goo4 
■tic clay and is thoroughly impermeable. An instanoa | 
" " I occurs at the Pancras station of the Gas-light 
iny, where, in a tank of 145 feet in diameter, at a 
h of 32 feet the clay only is reUed on to retain the water. 
b, however, cannot be surprising when we reflect on 
1 amomit of confidence there always exiata in puddle, 
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soil is loose sand, throngh vhicb the water percolates with 
facility at a depth of 12 feet from the surface. The engi- 
neer, Mr. Finlay, after duly coneidering the unstable 
nature of the site, and the flexibility of wrought against 
cast iron in the event of any settlement, decided on 
forming the tank in segmenta, thus confining the opera- 
tions to a limited area, and the whole was successfully 
accomplifhed, A remarkable feature in this structure 
is that the entire of the central area is rendered imper- 
meable by puddle alone, which was transported to the 
locality. Annular tanks may also be adopted with economy 
in localities such as Eamsgate, where the site is composed 
of chalk, and the expense of escavation would be excessive. 
Under these conditions it will be often cheaper to build 
the inner wall than excavate. A cast-iron annular tank 
existed for many years at the late City of London Com- 
pany's works. They are, however, always expensive, 
unless of very large diameter and shallow depth, and should 
only be employed when rendered absolutely necessary by 
' tlie nature of the site. J 

m Guide Columns, STAinjAiiDs, ast> GmcEKB. I 

Whatever may be the description of tank constructed — 
whether of brickwork, masonry, or iron — it is necessary to 
erect suitable guide- columns, or standards, to guide the 
holder, and of sufficient stability, in order to prevent it 
from being blown over by the wind. With tanks sunk in 
the ground, the piera for supporting the goide-colunms 
are provided for in the foundations, and are carried up 
from those points, and when within a few feet from the 
top of the tank the holding-down bolts are built into the 
piers in such a manner, that the base plate of each column 
is secured with corresponding nuts. 

The guide-columns are generally cylindrical and of cast 
iron, as shown in drawing, page 208, and are braced 
together at the top, and sometimes midway, by girders, 
which are either of cast iron or wrought iron, or a combi- 
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nation of the tvo, and on wMcli the omomentation of 
gas-holder principally depends. 

In many of the gaa-holdera of modem Btmeture (hi 
standards are of wrought iron and trussed. But whethM 
cast or wrought iron be employed, each of the columns 14 
provided with a guide rib which CKtends the whole rangs- 
of the holder, alike in single as in telescopic holders. 

With cast-iron tanks the piers are carried up separate 
from the tank, in order that any settlement that may take 
place in one will not affect the other. 

The following is a copy of the conditions drawn up 
Hix. Wyatt for the construction of a gas-holder tank whii 
is applicable to most descriptions of work ; — 

ChaditiBiis. 

"The contract ia to incluiie ths prcvieion of all msitcTials and labour I 
far completing tliG vorka ehown on tliii drawings and doBCiibcd in the 
specification. 

" The contractor must est out the woTks, and must satisfy bimBcIf m 
to the Bccunicy of the same, oa he will be responsible foi any enor in 
ths form of the works. _ 

" The works are to be performed under the control and superyxBOTH 
of the engineer, or such person or persons as may be appointed finfl 
such purposo, and whobe decision upon all matti^rs will bo final. All 
Olden for new or altered works will be made In writing by tii^| 



"All materiala delivered by the contractors upon the aite of woil^B 
to become the property of the company, and shall not be removable 
without the engineer's consent. All materialH disapproved of by the 
engineer shall be removed from the site of tho works within forty- 
dght hoars of the contractor receiving notice thereof iioai Iho 



le the company shall considi^r it desirable to altor any portion 
of the work, adding to or dimiDishing the amount thereof, or changing 
one kind of material for another, the same shall be esecuted nndor the 
conditions of this specification, and measnted up and paid for at the 
schedule of prices anneied hereto, or, where no price ia aiBscd for the 
work, the same shall be valued by the engineer, whoso opinion thereon 
dutU bo final. The value of such worka aball be accordingly added to, 
M deducted from, the amount of the contract. 
t *^nie contntctor will be required to fumiBh a monthly statament to 
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Ihe engineer of all eztraB or deputnrea from the contnct, 
monlbly stock account o( all raaterials delivered hy the con 
npoD the works. 

" Tha contractor must guaraotee the company harmless Rgainit 
Bct^ident or damage to the company's property or works, oi the prop 
tie* and vorks of others, during the progreas of the contract, and f 
dent thereto. 

"Should the progress of the works not be deemed satiB&ctoi 
any time by the engineer, he may take the works in hand and um 
contractor's plant and matenals on the ground, and deduct the co 
such proCGcdingB from any balance due to the contraotoT. i 
operation on the port of the engineer shall not relieve the contr! 
from any liabilitipa under the contract. 

"Tbe contractor shall maintain and uphold the works in an effii 
state for twelve months from the timo of completion, as certified 
the eDgineer, and shall then band them over to the company 
and efficient, making good all defects, accidents, and damages i 
such term. Any reparatiDn performed hy the company during 
mnintenuice, in consequence of tbe contractor failing to do so, ihal 
charg:ed to the contractor. 

X All measurements for quantities and ostimatos will be based i 
the net dimenaiona shown on the drawings, 

"Paymenta will be made monthly npon the amount of -work; 
formed during the preceding month, equal to 80 percent, of such k 
done and certified by the engineer, and the remainder will bo reta 
as a drawback or security for the perfonnance of the works. 1 
Ihe drawback will be paid within three months, and the remaii 
half within twelve months of the certihed completion of the works 
tho engineer. 

" The contraotor to find two sutolies for tha proper performano 
tho contract in the sum of £ 

" Tho work to ha completod by the , and in default th« 

the contractor will allow a discount off the gross amount of the i 
tract of per cent, for each month the works remain unfinished. 

" A sum equal to half per cent, on tbe contract amoant to hi 
eluded in the tender for the taking out of the quantities attached 
this speoification." 

The Gas-holdeb, 

There are two kinds of gas-holders, the one called 

emgle lift, and tho other the telescopic, hereafter to 

mentioned. The single lift conaists aimply of a oyliiidri 

vessel ia the tank as already 4eBct'i\je4, aa^LTRs^wwnSftft 
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Fi^. 38, of wMcli a quarter part is removed in order to 
ffiow one of the pipes and the manner the roof is supported. 

Tlie stand-pipe well is shown in section, with one of the 
two pipes with its syphon at the bottom. The holder ia 
iii'out 42 feet in diameter and 16 feet deep, and has six 
lELrt-iron columns, which serve for guides for the roUeiS' 
"n top of the holder. The coliunne are attached to eadt 
i-'iher at the top by cast or wrought iron girdera. 
Tlie holder, when raised by the action of the gas, haft 

■ TV little strain upon it ; and only when empty, or when 
lijiiches the ground, do the roof and sides require any 
;'[iort. For this object, roofs are sustained generally by 
nissing." This trussing consists of a series of radiatinf^ 
[5 of T or flat bar iron, diverging at equal distances 

■ ill the centre plate, called the "crown plate," to the 
.^'le iron, or top curb, or angle of the holder. The roof 

-ustained by a king-post in the centre, which is sup- 
si ed by tension rods from the top ciirb; there are also 
..-peoBion rods which carry struts for sustaining the centre 

■ the radiating bars. A series of circles of bracket bars 
r^ched to the radiating bars complete the trussing of 

f. The sides in large holders have also trussing to 

vent the holder "bulging" or "buckling" when 

■unding. 

l.T holders of great dimensions the trussing enters for a 
..irge portion of the expense ; in addition, it greatly in- 
rea^es the weight, and in conseixuenco the pressure, 
irliich is often by no means desirable. It is a very 
i.nportant consideration in the erection of gas-holdors, to 
'■■; list them in such a manner that the pressure of the gas, 

ill not much exceed the maximum pressure required 
' supply the town or locality. Whenever an exhauster 
is not employed, an excessive pressure acts seriously on 
the retorts, causing a large increase in the carbonaceous 
deposit in them, when the production of gas is materially 
iminished, the gas is deteriorated in quality, while the fuel 
and labour are increased ; and even when the exhauster is ' 
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^^Hied, any euperfiuous preesure on tbe holder tliroi 
^^BAceeeai? labour on the engine, and of course 
l^inoro fuel. Therefore all small holders, particularly 
there is no eshauater, ahould be counterbalanced in 
a manner as to be enabled to give the maximum pre 
I'Xequired in the locality, but no more. When hold^ 
upended by counterbalance weights, the excel 
easore can ganerally be considerably reduced by _ 
a. weights; and in many small works, where the 
III not suspended, the loss by excessive pressure ie 

Gas engineers are not unanimous in opinion as 
ftnecesaity of trussing the roofs of holders. The maj 

e to the old system of trussing, whilst others 
vith it entirely. The untruesed system is applied 
fte greatest success in the construction of the two ' 
s-holdera in the world, namely, that at Ki 

), and that at the Old Kent Eoad. When nntn 

I the holder grounding, its roof ia supported by 

situated at yarious points over the whole area o 

l-tftnk. Without doubt, this system has several advanl 

ftWing simpler, cheaper, and possessing much gi 

I durability than when trussed ; in conseciuence of i 

J all the iron entering into the formation of the a] 

F ivhich are consequently rendered much thicker than 

trussing is employed. 

A gaa-holder 100 feet diameter and 2o feet deep, ' 
trussed, weighs about 100 tons, and gives a pressu 
about 5^ inches of water, and of this weight about 3Q 
consist of trussing. Now, if we suppose a pressu 
3 inches to be adequate to supply a district, it is ob 
the extra pressure must bo prejudicial. In this ca 
the trussing were dispensed with, the holder would 1 
much lighter ns to give only the 3 inches pressure dei 
whilst its strength and durability would be 
I There are few districts where a greater pressure 
vlnches is requisite, or at least, where the disi 
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moderately level, and the mains of sucli capacity as not I 

demand a heavier pressure than that stated for supplyin 

the locality. By moderate pressure, the loss by leakage 
and the inconvenience and loss to gaa consumers, who a 
unprovided with regulators, ore avoided. 

The thickness of plates commonly used in the construe 
tion of gas-holders varies from No. 1 8 to No. 1 1 wire gaug% 
the first of these being less than Vtr of an inch in thicknesa, 
weighing 1*86 lbs. per square foot, while the other is ^ odC 
an inch, and weighs] 5 Ibe. per foot. In holders of veij 
large diameter, the plates are required to be considerably 
thicker than those of small dimensions, in order to obtaia 
the necessary preeaure for supplying the district. 

The pressure of gas enclosed XB dependent on the total 
weight of the holder containing it, and on the area of 
roof. The water in the tank being the resisting mediui 
the pressure, a quantity of this, equal in weight to that of 
(ho bolder. Is always displaced by the latter rising. Thus, 
by a knowledge of the pressure given by a holder, and the 
area of the lop of the vessel, a close approximation to 1 
weight may be ascertained; and, on the contrary, tha 
weight and area being ^ven, the pressure is readily 
known. 

For this, and many similax purposes, the weight of A 
cubic foot of water, which is 62^ lbs., is the basis of e 
lation. Hence a column of water exactly 1 foot square, 
and 12 inches high is equal to 62} lbs., or a column of 
the same area 3 Inches high, 15'626 lbs,, or 1 inch high, 
6-24 lbs., &c. 

If, therefore, it be required to ascertain the weight of a 
holder, not counterbalanced, giving a certain pressure, say 
3 inches when full, and the sides nearly out of the water, 
then, on multiplying the area of the top in feet, by t' 
weight corresponding to a column of water of the height of 
pressure, the weight ia aseertainod. For example, a holder 
is It feet 4 inches in diameter, its area being 100 feet, 
giring 3 inches pTes8UTe. Then 100 mul\i2i.ii4.>s^ \.V?i1.^''&«. 
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p-ves 1,562J lbs. as the total weight of holder. Or, ths 
reight being given, the pressiire is calculated by dividiiig 
he toto! weight by the area in feet, when the weight <rf a 
quare foot is foimd, from which the pressure the holder 
rill give is known. Thus, r©\-ereing the figiiros jiist men- 
Loiied 1,562J Iba. divided by 100 feet gires 15*625 lbs., 
otrespoiiding to a column of water 3 inches high, or that 



By the same means, if it be requisite to know the weight 

'oquired to he placed on a holder to produce a certain 

ncreaBed pressure, then, the weight of column of desired 

ftessure multiplied by the area of top of holder in feet 

pves the weight. Thus, if the pressure of the hefore- 

a>iilioned holder requires to be augmented, say, 1 inch, that 

i.', from 3 inches to 4 inches, then the weight of a column 

•"i 1 JDch being 5'24 lbs. multiphed by the area of top, 

pTes 524 lbs. as the necessary weight. These calculations 

Me approximative ; for them to be rigidly exact the holder 

Hinnli be hlled with aii-, or an allowance made for the 

ji'-ilic gravity of the gas. The same rule applies to the 

L;lit of governors and pressure registers. 

'Vhen a holder is nearly at the bottom and its side plates 

iKreed in water it becomes somewhat lighter, and in 

.-. fjuence, the pressure is less than when it is full and 

-iiies out of the water. Many attempts have been mado 

!:medy this, but the difference is so slight, being 2 or 3 

itiiitiis, aa to render any means to prevent it quite unno- 

tejsary. 

Tblebcosio Gab-boidees. 

When ground is expensive, telescopic gas-holders, which 

sre tai>able of storing nearly two or three times more gas 

" "I g-ivea area than can he done by the single lioldor just 

ribed, are very generally used. Another advantage is 

■ with the telescope system, the coat of the tank and 

T per 1 ,000 feet is materially reduced. 

■-telescopic gas-holder consists of an ordinary single 




r, odled tbo upper lift, Burrounded by a. cylinda 
I, eimilar to the aide of the holder, aad ol a" 
ms b^ht. Theee aro both immcreed in the sai 
D depth of which is equal to that of tho holder, or 1 
cylinder. By an ingeoioue contriTanco, thai 
Bg causes the holder to rise, and when luU, V 
Bvith it the outer cylinder, called the lower lift, elon 
i the tubes of a telescope, from whence it derive! 
me. To effect this, on the bottom, oxteuding arouna 

is an annular cup of about from 6 to 9 ii 
ide and from 12 inches to 24 inches deep, fonne(l 
jilates, represented in section hy ab cdQ 
39), which, ill risiag, is filled with water as shown, a 
called the water lute. 

The surrounding cylinder, or lower lift, ia about & 
to 18 inches larger in diamotor than the holder, and U 
nished with a similar annular cup (/"), but inva 
culled the "grip,'' and when the holder rises to the to 
inverted cup '"grips" or hooks on to tho water lute o 
holder, thus hermetically sealing the two vessels t 
on the same principle as obBerved in the purifiers, ^ 
the means of preventing the gas from escaping f 
cistern around are adopted. The holder in rising c 
with it the second " lift," the two reaching a height n 
twic« tho depth of the tank. Sometimes the treblaj 
holder is employed, in which there ore two oylinde 
lifts, when the storage is increased nearly three-fc^dl 
the same area of tank, as compared with the single hJ 

In order to insure the proper working of the two v 
together, tho work ia required to be executed i 
greatest care. It is usual to fix on the upper edgl 
tho lower lift a series of friction rollers, which press o 
upper lift and thus make the motion uniform and preren 
tho escape of water from the lute. These fiietion rollers 
ore usually from 4 to 6 inches in diameter, about 4 inches 
broad, and placed 10 or 12 feet apart all round the c 
fartmoe oi the lower Tesael. 
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very essential in telesoopic gas-liolders of email 

• of 100 feet and less, that the lifts should bo par- 
»imt«rbalanced by suitable weights 
, otherwiae, on account of the 
eight of water iu the lute, the pres- 
Tery excessive aud irregular. The 

lahince weights also assist in the 

and effective working of the lift. 
lers of larger diameter than that 
Bounterbalanoe weights are not em- 



Ig. 40 is represented a large tele- 
Mer, designed by Messrs. Dempster 
S of EUand, such aa are coastrueted 
'orks of the present day, which aro 
' sense of the term far superior to 
paratus formerly employed. This 
Bty in construction ia, however, rcu- 
^lutely necessary in order that the holders should 
luaintain a horizontal position, and prevent tho 
^ the lutes from escaping. 

Ithough telescopic gas-holders x^ssese advantages, 
mid not be used in very cold climates, as in the 
I winter, when a sharp frost sets in, and the water 
lutea is liable to freeze, they are oscessively 
pme, and requira constant attention in order to 
|s inconvenience of such accidents. Sometimes, 
I negleot of tliie precaution, holders have been 
I and rendered useless. Another evil with tele- 
as-holders is, that when erected near the sea-shore, 
w years the action of tlie atmosphere destroys the 
a immediate proximity to the lute. Or it some- 
that a leakage takes place m the cup of 



when, consequently, often a great loss of gas ia 
I 

are evila which may arise from the use of tele- 
B-haldere, bat their veiy geneiaX o^o^^iciu ^\.\b.'£%'^ 



"^^M'"^ffl^B! 




^M MODERN GAS-HOLDERS. 2L 

vorks in tlie United Kingdom, proves that practically n 
inconTenience is experienced on tbeae groimde, and { 

suffident guarantee of the excellence of tlie apparatus ii 
question, and should induce Continental Oae CompauieB to 
adopt them. 

Within the last few yeais the capacity of holders bu 
increased in a remarkable manner, aa only twelve y. 
iga the largest then constructed, were respectively for twa 
million, and, indeed, some of the first erected at Becktoa 
WOTO only for one million feet, At that time, according' 
t(i the opinion of engineers generally, any attempt to 
construot holders larger than the first mentioned would 
have been attended with considerable estra expense. 
The first deviation from the recognised law was made by 
the then Phcenii Company, in constructing a holder of ths 
capacity of three million feot. This was followed by th» 
htdder of upwards of five million feet at the Old Kent 
Bead, which we would imagine to be considered sufficiently 
large for all purposes, but even this gigantic holder is to 
be greatly surpasaed in magnitude at Birmingham and 
Greenwich. 

We aro disposed to believe that constructing these 
vessels of such estraordinary capacity is, to say the least, 
risky, and particularly with telescopic holders of grei^ 
height, which, with a sudden and severe frost, such o 
were accustomed to years ago, would, by the lutes freezing, 
endanger the safety of the apparatus, on which the supply. 
of the town principally depended. 

The following specifications of the material required ia 
gas-works of three different magnitudes are extracted with 
permission fi-om the "Gas and Water Engineers' Book of 
Eeference," by Mr. George Bower, of 8t. Neota, Hunts, 
and will no doubt be found desirable, particularly by thosa 
engineers who are engaged in the construction of new, 
iii,^e alterations of old, works. 




; 6 fumaae bars ; 2 beuuig 
Ma; 3 tmd plaM; 2 I»-idA fUtoace doore and iramcH; 4 ehiuld 
lAatetasaaedoan; 10 ngfat boxei and corara ; lOpilaetera; S tis 
boHi; 1 Bii4arb>Hi tiwazt pUasters and 8 bolts; 2 damper tQe^ 
mdj; 1 set of fltokiDg tools; 3 caet-irou Q- 
gt long by It inchSB nida bjr 12 incboa deep, 
tk^eCM and 6 covera for ditto ; 18 {-inch 
hdti tor mtMthfkett ; S {Mn of irrQUglit-iroa ears ; 3 cross-bu^ and 
3 aidaM-tlmadcd T ■o'^wa 1 3 4-inch saddle flange pipes and bolti ; 
3 i^nch ueenaion ptpea ; I 4-inch dip pipos and bolta ; 3 4-iQc)i N 
jiftf with d Bailing plnga; 1 ID-inch hydraullo main of BufScieot 
laogth to teoeiT« the dip pipM from al! the retorts, with cads and 
bolta ; 3 cjQlched pillua to sapport the hydraulic main. 

ftnifaiiwr. — One ail oondGnaer, Donsisting of 1 bottom box, and B 
3-iiich pipcfl, each 9 feet long ; 4 3-inch arch pipes, \vith 2 cleaniii^ 
plnga to eai^ ) 2 dip cistema, 14 inchea bf 14 inches by 21 inclici 
deep ; 3 3-inch X PP^ and bolts for inlet and outlet. 

Purifier. — Two dty-lime purifiers, each fi feet by 2 feet 3 inches I;. 
2 foot B inches deep, fitted wlUi i tiers of aievM, or grida, water tut. , 
and wrought-iron covers ; 1 lifting Damage and chain slinga iui 
removing and replacing covers; 2 3-inch fourway rising plug valves, 
for changing the direction of the current of gas in purifiers. 

Qat-hald»r. — One gat-holder, 22 feet diameter by 10 feet deep at the 
•ides, containing 3,800 cnhio feet of gas — the sheets forming the 
orown and sidei to be of No. IG Birmingham wire gauge thiokoMs, 
with strong and suitable internal framework ; 3 cast-iron guide 
colnmna, each 1 1 feet high ; 3 wrought-iron girders and bolts to con- 
nect the tops of columns ; holding down holts and 3 (bundation plates ; 
S sots of chain slings, pulleys, carriages, axles, balance weights, and 
bolts ; 3 guido pulleys with carriages, adjusting plates, axles, and 
bolls toT tup of sides ; and 6 guide rollers with carriages, axles, nod 
bolt* for bottom of sides of gas-holder. 

Otmntttieiu imd Smt^ria. — AH the necessary 3-inch connecting 

^pss, not exwediag IfiO feet, bom (he hydraulic main to condenser, 

|>«uiflM« iato and out of gas-holder to outlet valve ; 2 3-inch valves 

I tot tabt Nad outlet of gas-holder : 2 3-inch tank syphon boxes ; % 

f'fcdt ima$ht4raa weUoa pipM ; I brass syphon pump. All bolU, 
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''-ij.rireta, cements lead, yam, red and white lead, paiat and oil, i*> 

.::-ite tofiz the atove, sod to give the nhola one coat of 
- I'Ih paint after cempletion. 
Ttital dead weight of iroQWOrk, II tona 10 ewt. 
UMntili/ of Firtbriekt, ^,, rtgvved tn nl Stlortt. — 1,400 •qaare Ul4 
I ajch liricks ; 20 aplit bricks ; 30 tilec, 12 inches by B inches b« 
• muhes; 7 tilea, 12 inches by 9 inches by 2} inchei ; b tiles, 21 incli^ 
t» inches by 3 inches ; and 1 ton of fireclay. 7 tons 1 1 ctrt. 

F AtPAIUTUS FOft THE MakITFACTCRB AKD SoPPlT OF 

4,500,000 Cubic Feet of Coal Gab fee Annuu. 
( Btath. — Throe evaporating: pans ; 9 famace bars ; 3 dead 
[ 3 bearing bars ; 3 furnace frames with doable doors ; 12 ahiald 
■ famace doors ; 27 sight boxes and covers; 12 pilasters; 6 tia 
jl^rderbar; 2 d«arf pilasters; 4 holding plates and 12 boll*; 
r fire tilei nitli wrought-iron rods ; 6 oast-iron Q-shaped 
ih 7 feet long by 14 inches wide by 1 2 inches deep, inside niea- 
I S monthpieces and 10 covers for ditto ; 30 J-inch bolts for 
] clay retorts, Q shaped, each 7 feet long by 17 Inchea 
vI3 inches deep, inside measures; 10 mouthpieces andlOcorert 
; 60 }-inch T-headed bolts for mouthpieces; IS pairs of 
; 15 crasa-barii, and 15 square-threaded T screws ; 
ie flange pipes and bolts ; 16 4'inchaBceasiDa pipes; 164-inGli 
R irith cleaning plugs ; 15 4-inch dip pipes and bolts ; I 
' 1, li inches diameter, and of sufficient lengUi to receive 
E I^pea from oU the retorts with ends aad bolts ; 4 crutched 
\o sapport hydraulic main. 

tr. — One air condenser, consisting of 1 bottom box fitted 

g doors ; 20 S-inch pipes, each 9 feet long ; 6 5-inch arch 

li 2 cleaning plugs to each ; 2 dip cisterns, 16 inches by 18 

y 21 inches deep ; 2 fi-inch T pipes and bolts for inlet and 



StruUier. — One scrubber, 3 feet diameter by 9 feet high, Ett«d with 

1 1 tins of cast-iron grids ; 3 filling and discharging doors and frames, 

I »i(b cross-bars, T serowe, and holts ; 1 water ddBtributor, with 1 inch 

bun cock, key, and eyphon pipe ; 1 cap and 1 base plate ; 2 dip 

1^ cirtems, IG inches by 16 inches by 21 incheadeep ; 2 E -inch pipes and 

Ikjits for inlet and outlet ; 1 fi-inch fourway rising plug valve for by- 

" iiing scrubber. 

I'i'ifitrt. — Foar dry lima puriSera, each 5 feet by 4 feet by 2 feet 

< ties deep, fitted with 4 tiers of sieves or grids, resting on ledges 

■ en the sid^ of purifiers, and on wrought-iron T bearora, water 

iHifawithwroogbt-irontura-iiuokleB, wrought-iron cove 
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en pump. To provide all bolb, pins, rivet*, cemeot, I«ad, 

id BMte load, p&int and oil, required to fii Uu) abore, tod 
Ifvliole one coat of metollio oxida paint oftci ccmplatioii. 

Idwmgiit of troDvork, 4S torn. 
ftf Firiirieii, ic, requirtd 10 tet Sftorlt. — J>,7A0 iquAM and 

'ka; Slumps, 26 inches by 12inclies by fiinchw. 161iimpa, 
^9 indies b; 6 inches; 16 lumps, B inchea by S inchrabj i 
; S puin of flue lumi ; S lumps, II incboa.by S 
t'lnehei hy S inches tbiok; ST Ulefl, IS inches bjr 12 inchen 

; 10 tdles, 22 inches by 18 iuchea by 3 inchea; 7 tiles, li' 
B inohea by 3 inches ; 11 tiles, 17 inches by 12 inches by 
imi 70 cwt. of flreclay. Weight af firebiicki, &c,, 27 

Of Appaiutds Fon tub Uincfuttubs attd Svpplt 
0,000 CcEic Feet op Coii Gia pza Asmk. 
— Kve evaporatinE: pans; 15 fiimace ban; 5 dead 
ingbara; 5 furnace Imoea with double doare; 20 shield 
B doors; 50 sight boxes and covers; 16 piUsters; S 
a holding plates for furnace door frames and 20 bolts ; i 
m, vith wrooeht-irOD rods; 35 flreclay Q-shiijied retorts, 
^-by IT inches wide by 13 inches deep, inside meBsures; 
' '0 ooTCTS for ditto i 210 finch T'beaded bollj for 
) 35 pairs of wrought-iron eaia ; 35 crosa-bua, and 36 
ided T screws ; 33 S-inch saddle flange pipes aad bolts ; 
_k pipes, 5-inch to l-inch bore ; 35 4-inch N pipes, witli 
fags; 35 4-inch dip pipes and bolts ; 1 hydiaulia main, 16- 
iter of bore, and of sufficient length to receive the dip pipes 
a retorts, with ends and bolts ; 6 crutched pillars to support 
bain. 

t. — One air condenser on the annulur principle, consisting 
jtnbes, each of 21-inch eitemal diameter and 12 feet high. 
|a fluige at each end, und 8 ionor tubes, each of I2-inob 
■meter and 15 feet high, with flange at each end; I top 
Irta, and 1 bottom box in 6 ports, with cleaning doors and 
tincb T plpoB, with cleaning caps and bolts ; 1 B-inoh T 
I cleaning cap and bolts for inlet to condenser; I S-inch 
meaning cap and bolta fur cutlet from condenser ; 2 dip 
leh 18 inches by IS inches by 21 inches deep, each intemsit 
fcffovided with a damper for controUing the current of air. 
C — Two coke or breeze scrubbers, each 3 feet 6 inches dia- 
is feet high, fitted with 2 tiers of cast-iron grida, with 
ftn^ heaters for supporting ditt« ; 3 Bliinganddisoharging 
Cfaunos, with wroiight-iron ears, orosa-bars, J screws and 
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f feolU ; 1 water digtributiag; apparatus, irith mftin cock and key. Gacli 
I Ktu^ber to buve Blao a bass plate and cap ; 2 S-inoh. T pipes, with 
L eletming caps and bolta for inlet and outlet ; 2 dip ciatema, each 18 
bnohes by 18 inohea by 21 iaahea deep. To provida 1 8-inch aiiway 
l.limiig plug valve, arranged to pass the gas through both aerubbets at 
I race, or to by-paiB one or both ecmlibcta as required. 
■ Sxluna/tr. — One exhausting apparatos ia duplicate, each part to 
Mfbt capable of passing 6,000 culiic feet of gaa per hour, with eteam 
naigines, boilers, gearing, framework, fittings, steam and exhaust pipes, 
Htoed pumps and pipes, fly-wheels, shafts, pluauner blocks, governoit, 
■Cbioltle valves and stop valves complete ; the exhausters, ongines, and 
[itoilars to be so snanged that cither exhauster, engine, or boiler can 
Bob shut off, or cither exhauster can bo worked by cither engine as rs- 
Bltiured. One governor, with gearing and valve placed on the gas 
Bmpply pipe ; 1 self-acting by-pasa, valre ; 1 8-inch siiway rising 
I'plng valve, arranged to pass the gas thrcogh both exhausters at ones, 
I or to hy-poss one or both exhausters. 

I Parifi^f. — ronr dry lima puriflora, each 8 ftzet by 8 feet by 3 feet 
B deep, and fitted with i tiers of wood sieves or grida, resting on ledgH 
■;wt on the side of purifiers, and on wrought-iron ^ bearera ; water 
■lutes, with wrought-icon tura-bucklea ; wrought-iron covers, with 
Knound air plugs and frames, and books for lifting ; i covers for inlet 
^mpea ; 2 lifting carriages and chain slings for removing and replacing 
BJBw covers of purifiers; 1 wrought-iron lattice girders for canying 
Klifting cairinges and covers. To proviile I S-inch centre change valva 
Kfts passing the gns through any throe of the pnrifiora in succcEsioUi or 
K&oough all four purifiers in auocession as required. 
V BlalioH Sfetcr. — One station meter, capable of registering S,ODDcnt>iu 
K|tet of gas per hour, and fitted with pressure and wat^r gauges, tell- 
nale, indices, filling ping, &o. To provide 1, 8-inch fourway, by-poss, 
Kind shnt-oS' rising ping valve, (o act as by-pass to station meter, and 
WBt atop valvo to inlet of gas-holder. 

W Qaa-holder. — One gas-holder,' 70 feet diameter by 20 font deep at the 
B^oa, containing 77,000 cubio feet of gas. The sheets forming tho 
Binwii it> be of Ho. H Birmingham wire gauge thickness, excepting 
Kflie outer row, which ia to be of No. 12 Birmingham nire gauge thick- 
Kaen ; the sheets forming the sides to ba of No. 14 Birmingham wire 
HMtige thickness, excepting the top and bottom rows, which are to be 
^ref No. 12 Birmingham wire gauge thickness; to have strong and 
BlRdtablc internal iramewoi'k. Seven cast-iron guide colnmna, each 
BSU feet high ; 7 wronght-iron lattice girders, with caat-iron sockets 
Buid bolts for aecuring to tops of celumna ; 7 [ops or capa for columns 
witid bolta; 21 foundation bolta and 7 fonndation plates; 7 guide 
^ntalleys, with carriagea, adjusting plates, axles, and bolts for top of 
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1 14 guide Tollan, with eairiagea, ailes, and bolt* for bottom 

)f gaa-faolder. 

,l>r. — 0d3 elation goveraor fitted complete; I lO-inch foni- 
HpsES, and Bhat-oQ' riaiDg ping Tolve to aet ai by-pua to 
ff and as stop valve to ontlet of gac-holder. 
tHem, ie. — All the neoaasarj S-inch pipe, not eiceeding 100 
■th bende and T pieces for connecting the hydraulic main, 
Wf Bombber, exhaaster, purifiers, station meter, and gaa- 
tad 6D jaxia of 10-inch pipe, with benda and f* pieces to con- 
Igaa-hoMer and governor; also 40 yards of 4-inch pipe, with 
1A^ pieces, for coanecting the tar dip cisterns and from thencs 
&1; 1 S-inch and 1 lO-inch syphon boxes; 2 {'inch wnmght- 
Bon pipes. 

Im. — One 3-inch liil and force pump for watar, with gearing 
nework for working by hand or by power ; snction and de* 
ipes to cistern, with beads nnd connections ; 1 wTonght-iron 
o contain 300 gallons ; water supply pipes rind connections 
rtem to retort house, pnriiier bouse, and scrubber, with 2 
Foocks; 1 supply pipe and cock, with bends and connections, 
M pipes &om cistern to condenser ; 1 supply pipe and cocks. 
Ml and connections from cistern to feed-puuips ; I 4-inch tar 
fljUi fcamewarh and gearing for working by hand or by power; 
whe ; swivel joint ; chain and shackle ; 1 10-inch drftin grate 
b; S pressure gaogos; and 2 test cocks on boards, with sor- 
M bends, and connections. To provide the necessary pipe 
Inga for gos-li^lits in retort honse, yard, engine and bailer 
Lnd offices. 

— Two sets of stoking tools; 2 .firing shovels; 4 charging 
; 1 iron coke waggon; 1 coal waggon; 1 weighing nutchina 
Eghta for coal and ooke; 2 galvanized iron paila; 2 2-gallon 
Ua ; 2 pairs of sight hole tongs ; 2 augers for ascension pipes ; 
tt', 2 coal hammers; 2 retort lid scrapers; Slime sicvos ; 3 
InIb ; 1 2-gBllon water 'pot for purifier house ; 1 brass syphon 
Rpo provide all bolts, pins, riveta, cement, lend, yam, rod and 
■di paint and oil, requisite to fix the above, and to give the 
M coat of metallic oxide paint after compktiou. 
^ead weight of ironwork, 140 tons. 

Kly of Fireiricii, ^;, rtguired io lel RetorU. — 11,000 square and 
roh bricks; 40 Imnps, 23 inches by 9 inehos by i\ inchoa; 
pa, 9 inches by 9 inches by 4j inches ; 40 lumps, U inches by 
DS by 6 inchoa by 4j inches ; 10 lump*, 4 inches by i\ inches 
liches ; 20 lumps, tO inobes by 6 inches by 4^ inches ; i5 tiles, 
it by 12 inches by 3 iochea ; and 7i tons of fireclay. Weight 
Ifato, So., B6 tons. 




CIIAPTEE Xn. 

TEE STATION METER. 

IW SiMaJlj far tliia Instrumoitt— How Constructed— Capadt 
EUtioo Mften— CowBu'e Stadon Metei— The largo Mcti 
the London CoropaDy's Works. 

Thb stadon meter is an instsoimeiit employed at all 
tc^nlated gae-works, to record the quantity of gas 
duc«d; and is as essential to the strict economy of 
establishment, as the stock-book is to the merchant. " 
difFers from the coasumer's meter — thereafter to 1 
scribed — ^in some minor points, but is in principle 
same. The difference mmnly coimsts in the exterior f< 
Station meters of small dimensions are cylindrical, \ 
Um larger descriptions are generally made square, 
often reiy onuunental. The pipes for the entrajice 
«xit of the gas are at the back. The dial of the index: 
the centre in front, the float ol the consumer's met 
dispensed vith, and a glass gauge indicates the le< 
irat»; in other respects the station meter is identical il 
aotiiui and oonBtniction ivith the consumer's wet n 

The station meter is one of the most important obj 
ot interest for a stranger in a gas-works, and is geni 
fLsed in a locally especially arranged for it ; and, vh 
of large or small dimensions, it is usually kept well paii 
clean, and in good order. This apparatus is represenl 
. the aimexed engraving, Fig. 41, and consists of a 
a cylinder, containing the wheel and other parts, pi 
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on a pedestal of brickwork -whicli gives it a 
appearance also brings tho inddx to the line of vision. 

The capacity of a station meter required for a worfa 
is dependent on the maximum production of ^ 
(uaetruotmg this apparatus the general calculation 
that the speed of the whpel ihall not exceed 120 revola- 

113 per hour Therefore adopting thm basis, and BUp- 
I'MQg the maximum make ol a works to be 7,200 feet 
[lir hour or say 173 ouu ftct p r <Iicm then the wiieel_ 




■ "be required of such dmieneion? as to dehver GO feet I 

h revolution The pnncipal defects ansmg from any f 

1 velocity beyond that Bbpulated consists in the ] 

I friction or pressure necessary to work tlie meter; 

i ordinarily made, by the increased pressure, the 1 

leconies depressed in the measuring chambers of the I 

I, and consequently their capacity is augmented, and I 

heter roasters " slo^," that is, indicates less gas than I 

Jly passed. 

J following is a list of iho maxim^im ■giioivLt'a^'a.S] 
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rtper hour, the capacity of each revolution of tlie w 
ud the pricoB of Btatiou meters in cast-iron cjlindj 



MwUmuni hourly 


C^ooityofHKliEera- 


PriccaotMelor.ii.- 






diidiOB8UunpiuB>'«. 


Cubic Feet. 




c 




10 




1,600 
1,800 


121 
15 


46 
SI 


2,100 


20 


56 




26 


C3 


8,G00 


30 


76 


4,800 


40 


04 


7,200 


60 


140 



Precautions to be observed in the station meter are, ta 
tnaintaln the water level aWaya at the height indicated lif 
|>ihe vater-gaugo. The meter should be level from back to 
F front, as also along tho line indicating the water level. A 
Bmall stream of ivater should be continually flowing inlo 
and from it, in order to carry off any ammonia that may \i<> 
deposited in the instrument. 

In tho smallest of works tho index ought to bo taken at 
least four times in the 24 hours, and in works of twtnl; 
million feet per annum and upwards, it should bo takdo 
every horn- ; and in all cases the account should be entered 
daily in a book kept for that purpose. 

Accidents by the stoppage of station meters, either ij 
breakage, orwoarand tear, seldom occur; but in tho event 
of this happening, and the passage of the gas being im- 
peded at this point — in the absence of by-pass valves— iil' 
that is required to be done is to let a quantity of water nv. 
off from the meter, when the gas will have a free passagt, 

Tho index of a station meter, accordbg to its capara^, 
contains five, or six, or more dials ; the hands of whici 
register in succession from hundreds, up to t^ns or hnn- 
drpda of miUiona oi cu^icSoet. 1ii.\w:%b meters attadied 
to the index is a dock, ttie to\H "^jaiii <jl ■w'Vi^Q. "* «jtr 
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nected with a rod carrying a pencil actuated by a slight 
spring. Immediately under the clock dial, and in the centre 
nf the index, is a disc, which revolvea about once in twenty- 
four hours, according to the daily production of gas. 
this disc is fixed another disc, of paper, having divisions an 
Ha outer circle, corresponding with the maximum daUj 
make intended to be indicated. The pencil mentioned 
leceives its motion from the hour hand, and by the auction 
of the disc revolving, makes a curved mark ou the paper f 
eo isdicatiiig the number of hundreds or thousands of foet 




of gaa produced per hour. An inspection of tho paper ft 
marked shows at a glance any irregularity that may hav« 
occurred in the production of gaa, affording the superin-l 
tendent a good check on the workmen during his absence. • 
This apparatus is termed the "tell-tale," and althou^j 
usually adopted in large meters, it is often indiBpQnflab]fi|r 
smuU worts, where at times there ia a irja\i3 '\isi''."isft^ T 




p^tr atnmt^ mtat'wwmA, » Inmtiifd -wiate faabnlDiiap 
flf aboKt 4} mtkm h iJBwitii, aad n iia centre k a n 
■pat c£ about If iacfc is iliMiM<< i left in its ordiaaijr^ 
ditkn, vUlat tibe sammdia^ part is saturated with m 
aptBzmeetL As thus ja^and, vlien eeen by a 1 
■tnatcd on the snne ade as Hie oIwstct. tlie centre J 
win be light, and flie outer ling dark, as ehown s 
Fig. 43, wfaidi ivpnoeaita t^ disc endiKed with 
remoTtNi from the streen, and snpparted by the saddle-p 
on the photomeFter bar F. In this case the disc is b 
by reflected li^t, that is, light reflected upon it ; 
iiotr, the disc be phiced between the observer and theli( 
the outer ring becomes transparent, consoijuently the li| 
is triinfiDiitted through it. Hence theee opposite e 
jiroduced either by reflected or transmitted light ; 1 
plaeing the diec in such a position that neither the d 
nor the other predominates, that is, irhen the li|^9 
iKith Hiiliis is c:(actly of the Bame intoneity, the centre I) 
then diMappeLirs, and both surfaces of the disc e 
namo (fliitu appearance throughout ; and on this s 
etoatriv&aco in baaed tlie coiietciiA\wiiol'Caa-^'*j 
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L this beautifully eimple and effective appUanfO, i 

9 readily imderstood that if an argand burner coa 

pg five feet per hour, be situated a givoa distance ■ 

& of the disc, and a number of lighted condlint plac«< 

JB same distance from its other sido, that according U 

mber of candles reiiuared to produce a light of tlu 

lintenGity as the gas, so will be the defined quality a 

Thus by these means, and weighing the candle 

[lefore and after an operatioa, the illuminating powq 

f IsihiA of gas can be readily determined. 

I, however, some practical difficulties attendini 

ration as described, of which the most important a 

mber of candles required to be lighted, and tlte diffl> 

I t£ placing them idl in their exact positions at thi 

tat of performing the experiment. To obviate this ii 

3, only one or two candles are used, and when malting 

^e of the photometer, advantage is taken of the n 

a law, which defines that the intensity of light varia 

«ly as the square of the distance, that any obj« 

latod, is placed from the source of illumination^ 

b is illustrated by the following table: — 



e 43, pnge 228, represents a set of photometrical 

complete, f is the photometer bar, divided by a 

■which accords with the position of the disc, correspond- 

b the various number of candles, a is the screen con- 

g the disc ; b, the experimental meter ; o, the micro-' 

regulating tap and pressure -gauge attached to tha 

; D, tho regulator to control tiie pressure of thi 

tnder examination ; e, scales for weighing the candles 

i clock striking each minute ; a, a box containing 
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Enndiies; n, a "constant t^et;" and b is the standan 
cairying the candle ; the whole being roady for operation. 
There are variouB kinds of photomuters, oil of whicb 
however, possess the variooa parte mentioned. The diff* 
renoe consisting, in one description having the ami" 
mevabh} instead of the disc, which apparatus has th' 
advantage of a short bar. In another kind, black squr 
nooden screens are employed, having orifices in thei 
centre throngh which the rays of light pass. One 
thwe Bcrecns intervenes between the gas light and diac^ 
another is placed between the candle and disc ; whilst ti 
oHiBr screens ore placed at the extreme ends of the photo 
meter. The object of these screens is to prevent any reflf 
lioa of light on to the disc. A description of photomet 
designed by Mr. Evans can be employed anywhere, ev' 
ia daylight, without consideration as to the colour oi 
the walls of the apartment. This is in reality a photo- 
m«t«r enclosed within a wooden chamber, coloured blocl 
QQ the interior, and which excludes all daylight. Ja 
the centre of the front of the chamber are two sight holes, 
tliTOUgh wJiich the reflection of the discs may bo observed. 
When required, the operator is enclosed by a curtain, when 
any photometrical observation can be made with the samo 
accuracy as in a completely darkened room. 

Some engineers employ two candles instead of one, by 
which great«r regularity of the light is obtained. \Vhen 
ihifl is done |tho standard candle is cut in two pieces ; 
these are placed side by side, and the thick and thin end are 
tonsumed together. Of course under these conditions only 
half of the indicated degree of light on the bar ia taken. 

With the ordinary photometer the locahty where the 
observations are made should be aiTanged o.'ipressly for 
tlie purpose. The walls should be blackened, or hung 
»-ith black unglazed cloth, all the windows and doors 
closed in snch a manner as to exclude the daylight, and 
other precautions observed in order to avoid nay reflection 
^ hght acting on the disc. The apartmeut should bo at 
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a moderate temperature, and with some apparaj] 
those unprovided with a ecreen for the disc, no 
person than the operator should be near the photomeb 
the reflection from any white material will Bometiiaei 
ence the results, and as the eye is easily deceiTed 
different colours emitted by the gas and candles, to 
accurapy tho utmost precision is necesaary. 

The operation of testing gas is one that demand 
care ; the goa should be burnt as near ae possible 
rate of five feet per hour ; for if it be much below ti 
test will bo unfavourably conducted for the gas, .: 
above, in most cases it will be in favour of ihl 
Moreover, it is highly desirable to obtain good 
candles, to have a proper burner, that commonly 
being the Sugg No. 1, mth a chimney G iuchatt 
and 2 inches wide for 16 candle gaa, and burning { 
as possible the quantity per hour stipulated. Ac| 
to tUo instructions of the MetropoUtan Gas Bef erees, ; 
testing shall include ten observations of the phol 
made at intervals of one minute ; " however, in pi 
throo 01 four observations are made, each of which Iff 
the average being taken as the result. On thetem^ 
of the experiment tho candle is weighed, and n 
according to the time it ia burnt, to tho stands 
120 grains per hour. When candles consume much i 
that quantity per hour, it is prejudicial to the tesfc 
as regards the quality of the gas, as when bus 
quantity above the 130 grains per hour, the candle 
an incroaaed degree of hght for the quantity ol 
consumed. 

"When operating with the photometer, the caudloi 
weighed, and the time of lighting noted. The ^ 
candle are then lighted for some minutes previous ti 
mencing the experiment. The quantity of gas is ca 
adjusted to the required degree, say, to consume & 
per hour, which consumption once arranged is msda 
hy tho regulator. Ihe diac \jemg a^YftoS.-^ '^\nKRA 
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p, the operator looks tbrough the two orilioGS in bunt 

' latter, aad observes the colour or shade of tlia 

, He then mores the screen and disc in the direction 

7 to obtain an equal degree of light on both sides 

• disc and cause it to bo uniform, or nearly so through- 

k colour, and with little or no trace of the whitu spot in 

r the dark ring around it. Thia accomplished, , 

serves the number of candles indicated on the bar hyi 

[nter attached to the soreen, 

ing to the instructions of the Metropolitan Qua 

a addition to testing the illuminating power of 

J, its volume at the time of operating should bo cor- 

, to bring it to the temperature of G0° Fah. and 

atmospheric pressure, (as indicated by tho baiw- 

K) which is the standard ; and for this purpose tablua 

a pages 23r, 238, and 239. 
Bthese instmdionB it is stated, "The gas examinvr 
ftobserre the temperature of tho gas as shown by tlie 
IDmeters attached to the meters, also the atmospherie 
e as indicated by the barometer. 
rppoae the barometer stands at 30 inches, and the 
meter at 48°; multiply the quantify of gas con- 
1 by the 2'aiular ^uinher corresponding to tho in- 
fi of the barometer and thermometer, as given in 
We, page 237, wben the product will bo the corrected 
9 of the gas, i.e. the volume the gas would have 
i at the standard temperature and pressure ; thus : 
e of gas consumed ... ... . , , 5 feet 

inuniberof bai'ometer and thermometer 1-025 
Jl-025x 5=5-125, tho corrected volume. 

e object may be attuiced by simply dividing 
alimiinating power by the tabular nmiibar ; thus the 
lormer being lo-SS'l candles, divided by 1025, the correc- 
tion for temperature and pressure, gives H'B candles as the 
eted illuiuinating power," 
B tables will also be found convenient for correcting 
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CHAPTER XIV. 



The Ooremor— Itt OWent— How Conatrnctod— Wright' b Qoi 
The Regulator — Tlie Merpuiial Regulator — The Dry Ei 
The Presauro Gaugo — Croalay's Prssauro Eegiatar- 
rmaaie Rcgiatcr— Cowan'a Automatic PrtBaure Change 
Cowan's Photogmphic Pressure Gegietcr— Stott'fl Begulator. 

Thb governor ia one of tliose ingeoious e elf- acting 
macbiaes which aro equally admirttMe for tlieir efiicienoy 
and simplicity. It ia placed between the gas-holder and 
the main pipe, in order to regulate the pressure of "'a 
supplied to the town or distriet, and controls any irregu- 
larity due to the unequal action of the gas-holders or tu 
other causes; and, once adjusted, this instrument "governs" 
the pressure of the gas issuing therefrom during any 
indefinite period without demanding the least attention, 
and by it the presBure can be varied at ■will, according to 
the requirements, at different periods of the night. 

This instrument is a gas-holder enclosed in its tank, pro- 
vided with a peculiar valve which adjusts the pressure 
according to the weight placed on Its holder. The tank is 
made of cast iron, the dimensions of which are dependent 
on the size of the mains for whioh it ia intended and the 
space allotted for the apparatus. 

Kg. 45 ia a view of a governor, as frequently constructed 
for locahtioB where space is limited or economy is desired, 
the tank and a part of the holder being in section, in order 
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W tlie interior : a a is a cylindrical tanlc, having ttas 
IS i 3 to support the bridge e f,m the rcDtre of which 
ide for tlie flat rod d. Tho holder j is made of tinned 
ad ia giiided by rollers at its lowest edge, and the 
1 d above. It works very freely in the tank, aad 




anical plug, A suspended in tt Tlie inlet pipe is 
pis the centre, and has a conical seated flange at its 
lie outlet pipe is concentric to it, and rises cunsider- 
bore the lerel of the water. 



DISTRICT GOVERXOR. 






Iring into or from a tonic whicli ia situated at tlie 
i liolder. By this contrivance the loose weigbts 
need with, and the action of the gOTernor when 

from one pressure to another ia gradual and 
ind is decidedly superior to the method of placing 
tring the weights. 

I mode of goreming the pressure of gaa is by 
a diaphragm of leather affixed to the top of a 
X veesel having a, conical plug and flange pipe 

that already described, which will be described 
. These have been extensively used of late aa 
jvemors in hilly localities, and for this purpose 
raried in the ground. 

iiere are great variations of levels in towns, dia- 
ir district governors are sometimes placed on the 
ben they are flxed on the principal main only, 
branch mains from one governor should be dia- 

from those of another. Thus, if the highest 

town be 200 feet, by placing a governor at an 
of 50 feet, and another say 100 feet, and the third 
i, and keeping the mains of the respective eleva- 
rate from each other, in no part of the town will 
ny excessive pressure ; for supposing each gover- 

adjusted to deliver Atha pressure, then in no 
Ighout the whole of the district will this exceed 
liereas, in the absence of the instrument iu quea- 
» pressure were Athsat the lowest point, it would 
Kt the highest, and thus necessarily offer great 
br the escape and loss of gas. Lastly, another 
ent to attain the same end is by means of White's 

valve, which ia weighted so aa to give the re- 
Bssure. 
-works should be without a governor ; in some 

where the pressure is left on the mains, it would 
^chase money in a month by the saving effected 
inished leakages. In many works the foreman, 

has continually to regulate the pressure during 
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tts boors of ligl)tiii|f by means of a ralve, giving i 
inmUe, and the work la done rery imperfectly. 



The Eegttlatod. 

This infitrument, like the governor already descril 
tor the purpose of regnlatiiig or eontrolling tlio pressuxa, 
There is, however, this difference between the two ap- 
psratus, that whilst the governor delivers the gas at the 
mrks dunng a portion of the night under variablo pres- 
sures to meet the demands of the town ; the regulator 
delivers it constantly at one uniform degree, regardless of 
any alteration of the pressure in the gas company's maii.- 
•0 long aa it is equal to that for which the regulatoi' 
adjusted. These instruments are used by consimiera j 
order to adjust the pressure to the point most favouralil" 
for the consumption of gaa, and obtaining the best ligiit 
herefrom. 

A description of consumer's regulator is identical in 
action with the governor mentioned at page 241, and ia 
made with a tin or cast-iron case, and weighted so as to 
give the desired pressure essential for the economical con- 
sumption of gas wherever it may be employed. TIio 
presBuro most suitable for oidinary iisea for lighting aaJ 
heating, is about ^ths. When consuming gas for hgit- 
average of -Aths will be sufficient, but when it is 
twed for cooking, usually a greater pressure may be neces- 
Bary, therefore for domestic purposes we have fixed the 
pressure stated. 

A form of appai-atus resembling that described is calltii 
the " mercurial regulator," in which the water is replace! 
by mercury. This apparatus possessea the advantage oi 
avoiding the evaporation of the fluid employed in tii" 
infitrumeut, and is used abke in dwellings, shops, putli'. 
iuildings, manufactories, and street lamps. 

Another kind of regulator, known as the "dry regulator," 
represented in its most piimi\i\6 iovm in the accompany- 
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ing figure. This consists of an outer case, ^ a, in which is 
hermeticallj fixed a tstj thin, pliable, and loose leather dia- 
phragm, b; to the centre of the diapliTapni, witliin the lo" 
case D, is suspended 
the cone e, and the 
diaphragm is weighted 
at B to the pressure 
required to be delivered 
by the instrument. All 
this being arranged, the 
gas on entering the inlet 
pipe A elevates the dia- 
phragm, which at the 
eame time raises the "o — 

ame and closes the aperture to the necessary degree 
control the preasnre; and whether there be one only or 
the full number of gas burners for which the instrument 
is made, fheir flames are constantly unif ( 

"Whichever of the instrumenta may be employed, whether 
the water, mercurial, or dry regulator, in aU there is but one 
object, that is to dehver the gas always at one uniform 
pressure, and by which considerable economy in its con- 
sumption is obtained. This is particularly the case in 
dwellings where the fishtail burner is very generally used 
with ordinary moon globes, by which great facilities 
afforded for waste, as frequently they permit one-half of 
the gas to pass off without yielding any light whatever. 
It may, however, be observed, that supposing the pressure in 
the companies' mains always to be alilie and moderate, 
there would be no necessity for the instrument in question ; 
but in very few instances is this the case, the rule being 
that the pressure delivered by companies varies materially 
during the hours of general Hghting, and in some districta 
this variation amounts to three or four inches during tho 
evening. 

Hence under general conditions for the economical W 
sumption of gas, and in order to avoid the irregu) 
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burners, aad particularly ths argand, the regulator is inx 
peasable, and it should be adopted alike in dwellings, sits 
manufactories, and indeed in every place where econom 
a consideration. This apparatus is uauolly placed on 
Borrioe at the entrance to the premises, by the side of 
meter. Its action is quite automatic, and once fii 
the mercurial and dry regulators require no atteni 
whatever, even during a period of several years, and 
many cases the saving effected by their use, repays t] 
cost, in the course of two or three months; and it is to 
interest of gas companies to encourage their employmei 
We shall have occasion hereafter to refer to the la 
regulator, which is based on the same principles as tb 
desiaibed. 

Thb Peessttre Gauge. 

As already stated, when coal ia distilled, the gaa is 
polled in a manner aaalogoiis to the production of st< 
from water. "When gas is confined under ordinary press 
in a holder, it assumes a bulk about 250 times grei 
than that of the coal from which it emanated ; and if 
retained by these means, it would be divided or diffuse! 
an indefinite extent, and lost. When gas is thus cooGi 
the gaa-holder may be so counterbalanced as to prei 
it issuing, as under these circumstances, there being 
weight, there would be no pressure ; and by adding com 
balance weights, supposing an opening to esist, air w 
enter and intermix with the gaa. 

The pressure of gaa in a works or any district, depenc 
a number of circumstances, such as the weight and ari 
the holders ; the size oE pipes through which the gas passes ; 
the means of purification ; the seal or dip of the hydraulic 
mains; and other obstacles which may be presented to its 
free passage ; and it is essential to the strict economy of a 
gas establishment that the pressure esiating in idl the 
parts of the manufactory, aa well ae in the mains for difi- 
tribution, should be known. 
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las purpose a simple instrunient called the " pre»- 
Itge," as repreBented in the annexed figure, is vm- 
This consists of a glass tube about I inch int«nial 
i, audio or 12iiiciieB long, bent iu the fonn of tho 
■f vith tlie graduated scale placed between the tiro 
"Slbe centre of the scale is marked zero, and tli<^ epaun 
)bd below are subdivided into inches, and t«ntlui 

The bent pipe is for the pur- 
nftttaching the gauge to the fittings, 
Bcrewed or tapped for that object, 
m reqiiired. for use, the gauge is 
rith water to the line nmrked zero ; 
m affiled to the pipe through which 
s is passing, when the pressure of 
B causes the water to be depressed 
tube a, and elevated in the otlier, 
between the two water 
read on the scale being the 
For example, if the 
inch below the 
■kedzero, and elevated the same 
above, the pressure will be filths; 
le may be dispensed with, and 
•ence of levels taken with an 



Pig. 47. 




B gauges are often made with two 
ttt tubes connected at the top and 
a by small chambers. The advan- 
of this systeta are, that the tubes 

r.y taken apart and can be readily cleaned ; they 
much stronger, as the bent tubes are veryhable to 

ire are other means of indicating pressure by a closed 
Tical vessel which is divided into two distinct con- 
c cylindrical comportments, the water passing freely 
ftie one to the other. In the central compartment is 
I a fliwif, with a rod attached to it, ^linikva ^tQN\ie.4. 
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witt a scale, passing tiirougli the cover of the vesseL 
Ra« on entering the outer compartment depresaeB the 
therein, coneequently elevates it in the central 
mont, by which means the float is raised, and the pn 
indicated on the scale, by a pointer on the end of tha 
attached to the float. This principle is applied in V8 
ways, sometimes with a dial in the centre, or with a pc 
and semioircnlar scale. Instruments of this olasa are 
made veiy ornamental. 

In many establishments the maximimi pressure ij 
town does not exceed 1 inch or 1 J inch, a niinimiim 
sure of ,'aths being obtained in the lowest parts 
district, which is sufficient and ample for general 
In others, however, perhaps from the position of 
works, or the size of maina, or the eleyation of the lot 
supplied, much greater pressure is letLuired. 

For ordinary purposes, as when ascertaining the ; 
sure in the maina of the town, a gauge 5 or 6 inches 
is sufficient. The pressure in the atreeta may be ki 
by attaching the gauge by means of a flexible tul 
the lamp burners, or, if more convenient, on the prei 
of a consumer, but taking care that there is no ei^ 
from the same service. This operation should be ad( 
at least once a month in order t-o aecertain the pressu] 
the various districts ; by those means in the event of . 
pages, or the mains being too small, the defecta 
be ascertained, before they become annoying to the 

At one period, when small mains and heavy pressun 
iated on works, pressure gauges were made with mere 
instead of water, when they were of course of very limited 
size. However, the superior intelligence now engaged in 
gas manufacture renders those no longer desirable. 

The gauges above described only indicate the pressure 
acting on them at a particular moment, and leave no 
record ; but there are other instruments employed which 

t only indicate, but recoi-d rigidly, throughout tha i 
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and night, the pressure which has aciod on them. C 
these thero are two kinds, and called pressure regisMn e 
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I instnunent in Pranca is called la mouchard, tlw 
ifyiag its dut^ to keep watch over and record 

iner the workmen attend to their duty in 1 
r of gas to the districts. Its action is automalio 
Wntinuous, reqairing the application of a clock to< 
I the various periods of time, whilst means ars 
1 to record the pressure. 

) instniiDent was first manufactured by 8, Crosloy, , 
lonaists of a tank of cast-iron or tinned plate of about 

■ deep and 16 inches diameter, in the centre of which 
rtical pipe in connection with the main. On the top of 

'c is a receptacle for a vertical revolving cylinder of 
1 16 inches long and 5 inches diameter, enclosed by a 

■ frame secured with lock and key, The whole is sup- 
1 by a clock which is connected to the cylinder and 

p that to revolve once in twenty-four hours. "Within 

Lnk is a gas-holder of about 14 inches diameter and 

« high, having a float throughout its length to give 

t required degree of buoyancy when immersed, but 

. gives a gradually increasing weight and conse- 

ftly pressure on rising. The holder has proper rollen* 

Iguides to enable it to rise and descend in the tank 

ft all freedom. Attached to the top of the holder it 

■Jod which passes through the centre of the cover of thft 

taak, and on the top of this rod, is a spring pencil for the 

purpose of recording the degrees of pressiire- 

Around the vertical cylinder is coiled a sheet of paper, 
which is marked into twenty-four vertical divisions to in- 
dicate the hours of day and night, corresponding with the 
clock above. There are ^so horizontal lines corresponds 
ing with the pressure, which are numbered, commencinjj 
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I marked zoo, continuing to fort; or 

I the holder in rising, by r( 

g 1«H 1nt<^ttnc7, Boqoires a greater degree of vc 

k is otrvioos that Uiis veight at rarious positions 

1, the ecale of preeBure can be arranged 

J by the horimntal lines. 

I On the tank b«ng supplied ivitli water to the dc 

" [ht, if there be no pressure the penoil will remi 

; but if the gas be admitted, saj at a. pressure 

S iadiM, the holder rises, and with it the pencil, 

"i the pressure on the horizontal linea of the coilot 

r, while the rerdcal linea indicate the period that surli 

* exited. By these means, during the whole of 

p day and night, the pressure ia faithfully indicated and 

tdod by the pencil on the paper. In all ^s-ell-regtOated 

trka the pressure indicator is employed, to which a fresh 

I duly dated ia supplied daily, and is afterwards kept 

ft future reference in the event of any complaint arising. 

Wright's pBESsCfiE Eeqistek. 

The pressure register represented by Fig. <(8 is a much 
Binaller and cheaper instrument than the former, and yam 
invented by the late A. Wright. Its size renders it tiS 
portable, its moderate price permits its being adopted S 
works of all descriptions, and it is largely used by gfl 
companies to record the pressure existing in different parte 
of their districts. 

This instrument consists of two concentric cylinders, the 
outer one, or case, □ a, being about 16 inches diamettJ 
closed at its base, aleo at the top over the annular spafl 
formed between the outer cylinder a a and the iosfl 

■ V linder c The annular and cylindrical chambers con^ 
Tv.uniwitc witJi each other only through a small space left 

■ ^■■tweeii the lower edge of the inner and the bottom of the 
'utdT cylinder. The case is surmounted by a clock endosed 

>n a gWs shad«. The dock, instead of having an ordinaiy 
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lie, IB provided irith a metal disc wlucli carriea a cdrci 
-'■lOct of paper, divided ty twenty-foar radiating lines 
responding with the hours of day and night ; also hftring 
a aeriea of concentj-ie rings corresponding with the Tarions 
degrees of pressure. A float carrying a rod, d, and pencil 
similar to that of tlio pressure register, is placed wil' ' 




J inner cylinder, wliich ia open at the top. When re^^ 
Quired for use, water is poured into the vessel c untQ it 
flows from the tap e. Gaa being then admitted by the 
pipe h, the water is depressed in the annular chamber, and, 
~ srated in the inner cylinder, and raising the fioat, causes , 
I pencil to mark in accordance with the level of tbi^ 




r {{■% ths pu&oiuiL <)£ tin town, aaiin 

K 4 or ii iatkea aiaf be mqaireii m be deli^^oied a 
wcaA% ajnani^t at iBBBrtro gttsot ilra duAiut Aibb 
u. to A lew ***'*»* pEHttUEe. 
mned. tifaa pnamrs is ^ 
■ ootil m ill ni ght, when it is nirdier i 
Ipimimiitn nighr prefiEnre. until rhft lumr IF&Ol dis ■ 
biDpB »re axtiiigntsiied. 

Tbere im a modiiicalion. irf tile prBSsore regi 
Crodfr's and Wrig-Iit's. wiriii records tiie f 
^dutntfter. and is very neefnl in rrrder to prmeiit t 

., to wfaich cause mast trndottbtedlj tie a 
&B great Tariation existing at times, in the qnali^ oi 
Bitpplied hy companies ; inasmuch, as fihowii elsewlu 
very slight q^uantity of air deteriorates the quality a 
in a marked maoner. 
A, Tery ingeniona contriyance for regulating the pre 
town or district, called the Automatic ~ 
^Changer, has recently been invented by Mr. W, CowM. ' 



W^ cowan's pressure chakger. 253 

of Edinburgh. By this machine the pressure can be con- 
trolled at variouB periods during the night and day for an 
entire 'weeic, according to the wanfe of the consumers and 
Republic lighting; and once adjusted, by it the duty is per- 
formed with as much accuracy as ■with human supervision. 
This is accomplished by a revolving disc, having the 
twenty-four hours marked thereon, corresponding with the 
hoars of the clock which gives motion to the disc. There 
are also several tappets attached to the disc, at the points 
corresponding with the exact periods when the pressure 
liofi to be changed, and project a short distance beyond its 
periphery. There are two taps, one of which delivers 
water on to a governor and so gives the desired pressure; 
and by means of the other tap, the water is syphoned from 
the top of the governor when the pressure is required to 
be reduced. Each of these taps is actuated by its corre- 
sponding lever; thus in due course as the disc revolves 
according to the hour, one of the tappets comes in con- 
tact with a lever and opens its corresponding tap and 
bSowb a quantity of water to flow, which increasing the 
pressure to the required degree, acta on a small gas-holder 
fonning part of the apparatus which rises and closes tha 
tap. The reduction of the pressure is obtained in a similar 
way, by ^^honing the water from the top of the governor, 
and the other gaa-hotder closes the tap when the degree of 
pressure is attained. Thus, as its inventor says; — "The 
fimctione of the instrument are — to open a tap for the 
supply of water to load the governor to any required 
pressure; to close the tap when such presaiu'e is reached ; 
and to repeat the same operations for the attainment of 
stdll higher pressures at such times, and to such degrees, 
OB may be necessary In like manner to open another tap 
for the withdrawal of water to unload the governor when 
a lower pressure is desired ; to dose the tap when such 
pressure is reached ; and to repeat the same operations for 
the still further reduction of the pressure as often and to 
such extent as required." 
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Ck)££. 

) residual is largely used for domestic purposes, for 
■w-hich it is often broien in pieces of about the sizi 
small orange, or rather less, which enables it to bura with 
great facility in ordinary stoves, and for that object tha 
smaller the stove the smaller will the coke be reqiured, 
There are two or three kinds of machines manufactured 
for breaking the coke. 

C!oke is also employed for steam boilers, and we hays 
known it to be used abroad for locomotives. It ." 
tensively used for burning lime ; in short, it is employed 
for innumerable manufacturing purposes, and wherever 
large quantity of caloric is requisite, generally it can 
obtained at a cheaper rate from gas coke than from coal. 






MaOTJFACTURB of the SrLFHATB OF AmMOSIA. 

dU the rarious compounds of ammonia, the sulphata 
most easily manufactured ; it has always a ret ' 
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TO DETEHMINE THE STRENGTH OF LIQUOR. 25l 

TliuB if a liquid, say water, contains add evel 

) extent of a drop of strong acid in a gallon, on 

ing a blue litmus test therein its colour ia at onn 

^ed to that of red litmus; ammonia, on the otheg 

., being an alkali, is detected by red litmus, whiofc 

e action of the ammonia is restored to its origina! 

^colour. 

3 sulphate of ammonia is a compound of ammonis, 

9 termed the base, combined with sulphuric 

I when the two exist in the exact proportions — that 

per the acid nor ammonia predominate — the liquid! 

" neutralised." Hence on being able to ascertain; 

quantity of acid necessary to neutralise the ammonia* 

alue of the liquor, or quantity of ammonia contained 

termined. Forthisobject, letus, forexample. 

Me a gallon of ammonJacal liquor about to be investi- 

f which is placed in a glass or earthenware basin,, 

[der to avoid any action of the acid on the vessel. Then,, 

[ng a reddened litmus test paper in the liquid, the 

mediately changed to its blue colour. But ij 

low take a graduated phial, say of the capacity to holdt 

i, containing strong sulphuric acid, arrangcmentd 

J been previously made to carry off the fumes, then 

lowly adding the acid to the liquor, at the same time 

ing with a glass rod, an effervescence will take place, 

I as t h'" subsides the acid must be added with caution. 

m liquid is now tested at short intervals, but as by th© 

iBgagement of sulphuretted hydrogen the teat papeni' 

■Eable to change colour, for that reason several papera 

' e required, Thus if we suppose that of the 10 ounces 

nlphuric acid, that 8 oz. be required to noutraJise the 

, contained in the gallon, this would be called! 

^unce liquor. Hence the term of " ounce liquor." 

In practice, however, the operation is much simplifiedj, 

and for which purpose an alkalimeter, represented in thfl 

jraving, Fig. 50, is necessary. This is a glass vessaj 
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■ of mannf acturing the sulphate of 
' ' g the ammoniacal liquor to the 
pi«f k«at. by wbicfa the ammonia is expelled, 

I into a strrag Eolation of Bulphuric add, 
; when, by the combination, 
4 sulphate of ammonia are formed , which are 
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MODE OF MANrFACTTlE. 



:i(l allowed to drain and dry. To fortber fitrilrtato t 
/oration of the ammoma, lime is Bometimes adinhl 
_.Li the boiler coatiumng tlio liquor. 



1 tlie ordinary manner of manufarturitig. the Uqw 
pumped into a large separating reserroir situnted nt 
::.;!ance above the ground. After being allowed mm 
.::i>? to repose, the ammoniacal liquor it ooarojed to i 
■i.Jer intended for its distillation, whilst the tax wht 
'ilea at the bottom is run into its corresponding row 
uir. or boiler. 

iiiiring the many years that gas-Ughtiug has been i 
uatence, the process of manufacturing the oompoui 
nlfr consideration has received less attention tha 
-ihaps, any other matter connected with tliat art; oi 
. '.-a at the present day, at ivorks of considerable magii 
Ai'. the operation is conducted in the most sloven 
.. tuner, and sometimes the ammoniacal liquor is allows 
i>j\v away to the sea, which is to be regretted on accoui 
rhe value tha product in question is daily assnminj 
L- propose to describe the best apparatus that hi 
.'.iierto come imder our observation, as adopted by Ms 
: owning, engineer of the Colchester Gas Company, wliick 
Lves nothing to be desired. 

At those works for the manufacture of the sulphate thei 
a liquor tank, capable of oontainiag 30,000 galloni| 
hich quantity may in the course of time he allowed t 
flfccumulate, when the operation of manufactuiing is com 
Qienced and continued for several days wdthout interrup- 
tion. Or the operation may bo carried on at intervals moM 
; less frequent as the liquor ia produced. 
At an isolated part of the works is a building ereetw 
(jneaaly for the purpose ujider our consideration, r 
represented in plan in Fig. 51, page 262; but so far.^ 
regards the odour emitted in the process, the op©''^„t»- 
could be carried on in the midst of a populous neig g. 
d without giving rise to any complaints of v-'^^ ^ ^^ 
I appnratus tor the operation consiBtB 
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THE SATTRATOR, 



^^p, of the cheapest and eimplest description. A|I0-}iorB9 
^^Rwiler, IiaTing a communicating pipe in connection 
^^le condenser and the furnace, for an object hereafter 
nilaoned. Another cylindrical vessel, similar in shape to 
B boiler, tut of la' ger dimensions and without a furnace. 
Hod the " liquor boiler," contains the ammoniacal liquoi 

be operated upon. From the dome of this vessel is a 
j^e which conveys the vapours and ammonia to tha 
turating vessel, or " saturator," and with the exception 

this pipe, and that communicating with the steam boiler, 
le hquor boiler is hermetically closed. 

The saturating vessel is placed on the ground, and. 
nuposed of a wooden tank, e », of' about 5 feet equare and 

feet deep, lined throughout with lead, on the top of 



is the gaa chamber, i 




^e @i i r 






Fig. 63. 

shown in plan and section 



;; 92 represents a section of the saturating vessel and 
shamber, together with the corresponding pipes 
d thereto. The eaturator, represented by the letters 
I wooden tank lined with sheet-lead, and, 
L by the dotted lines, it ia filled with liquid. 
1 chamber, represented by the letter e, consista 
[den box closed at the top and open at the bottom, 
a few inches into the liquid within the saturator. 
t chamber is supported by a wooden framing, which 
for simplicity of explanation ia not shown. The pipe 
comes direct from the dome of the liquor boiler, and 
passes to the bottom of the gas chamber, where it is made 
to tie form of a ioi-seshoe and perSoxatei, ere Wi^ i^'ObssS 



RESIDCAI. FRODCCTS, 



^^Bbttb Ikat ma; be suitable for distributiag^ the vapo 

^^^^uncnu to Uie siurotrndiii^ liquid. The pipe b a 

^^aff tiie gases resulting from tlie admixture of the anU 

with the add, to the condenser, whilst the email j 

with the funnel at the top, delivers gradually tha 

to the utorator as required. Fig. 53 is a plan of the 

■U the letters of reference corresponding with the 

meniioiied. As remarked, there is a space of about ei_ 

Inches wide on each side of the saturator, indicated I 

lett«ra y g, called the "pockets," and from these j 

the djstals of sulphate are withdraTm as they are fc 

A leioden-Uned vessel, the " acid tank," is the ret 

»tor the sulphuric acid, and from this, a pipe conTe 
aad to the top of the gas chamber, where there is a 
lating tap for adjusting tlie quantity. 
A wooden bench lined with lead, the " draining bai 
is fixed immediately adjoining the saturating t 
on this bench the siilphate of ammonia is placed a 
withdrawn from the bottom of the saturating vessel; 
which it is allowed to drain, but subsequently it is re 
to the "draining floor" adjoining, which is fom 
wooden boarding with interstices, backed with sheet 

i ■where it is allowed to remain until sufficiently ( 
delivery. 
A small tank for mixing the lime and produci 
milk of lime, in communication with a Hquor boiler, 
jdetes the apparatus. 
The condenser shown in plan consists of a numl 
6-inch pipes connected together by semicircular 1 
placed in a horizontal position within an oblong brick 
containing water, similar to a description of apparatus 
sometimes as a gas condenser, and of course i 
with the meana for removing condensed liquor. 

Wliea commencing operations in a new works, aupp< 
everything to be in order aa described, the saturaf 
charged with sulphuric acid. The ammoniacal liquf 
Howe from a tank placed. tA, a. sBWia^Aa ft\wB.tian, or i^ 
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pumped from the reBerroirs into ita corresponding boiler, 
until it is within ftbout one-sixtti of being full. Steam is 
tiien gfenerated in the steam boiler to the desired preseure. 
This boiler is, however, provided with an injector for the 
purpose of supplying it with water whenever it may be 
^eairablo. 

The steam in the steam boiler, has a pTO^sure of about 
-40 lbs. on the inch, the object of which is to convey a 
liigh degree of calorie, then passes into the liquor in the 
"boiler, which speedily reaches the temperature necessary ta 
«xpel the ammonia. 

As the ammoniacal gas is disengaged it passes from th« 
liquor boiler down the pipe a, unites with the acid, where 
the gases and vapours evolved, pass by the pipe b to the 
condenser. Here the vapours are condensed, and the 
gases pass to the boiler furnace to be conaumed. Fresh 
acid is supplied by the small pipe e in quantities corre- 
sponding with the amount of ammonia liberated from the 
liquor boiler. 

At certain periods the workman by his experience Imows 
that crystals of sulphate of ammonia are formed and 
depoaited at the bottom of the aaturator, which he " £ahea 
out " with a wooden shovel, and after allowing a short 
time for the salt to drain he places it on the draining 
bench immediately adjoining, and fixed at a suitable height 
for the operation. 

Whether the supply of acid, or the ammonia, is in eseeas 
is ascertained by the specific gravity of the liquor in the 
eeturator. Should this be too low, the ammonia will be 
in excess of the acid, when the fact will be made evident 
by the odour of ammonia at the furnace door, or at a small 
hole made for the pui-pose. However, by carefully obserr- 
mg the specific gravity of the liquid, this ia avoided. 

When the supply of ammonia becomes sluggish, in 
consequence of the most volatile parts having been given 
off, a quantity of cream of lime is allowed to flow into 
the liquor boiler, wMeh liberates the rest of the ammonia. 




kHidviA n4 Etvos pipa-, sad 
iHuko^s &2ma off tiie steam 
rkdv; vhaa a Meam tap, placed: 
i, panm^lB lettiiig &e q»ent 
b |>MB^^ be aoC obserTed, MBM 
imittYj 9-wmamn bdng fanned' 




k to the 

M. Mbny fcaiiag: plwed at a fili^ 
!■! tein* ahni 1 indies wide, and 
■>li rfaiiifc fiiaiiimli ulln i, nli ii III 
I a( AjaoB ynuiMj to lender it saleal 
; and aboat 6 inclies 
; the liquid from 




I, snlphoric acid is 
traam into the 
Imt m the Bfsid ta ddt n alvsjs of a temperat 
aiboot aoCT, the rtean is not cosideiised at tliis 

I witt the gasee to the condenser. 

The gaeea produced bj the mmbinafion of tlie 

acid aad the liquor, trom which fatal acddents have i 

Ltfues ocvoired when imperfect apparatus are ompl 

nve conreyed directly to the condenser, where the 

roi water is condensed from them. The notions gasee 

pass by a pipe to the interior of the furnace of the 

already mentioned, and are conBumed without 

cither odour or inconvenience. The whole of the pi 

in ao simple, so free from the chances of accident 

perfect, as to enable va to recommend it to any 

or corporation (iosiroua of manufacturing the com] 

la quoBtion, 

lly t!ii> procosB hitherto adopted by Mr. Browning, 



VSLTT^ OF TTTE STLPniTT. 

Ms liqwir boiler is wrked oS in twdre lunti% 
time he produces from 10 to 1 1 L-wt>. of Bul- 
\t& having m -view a more economiGa] mttbod of 
tiiat gentleman intends to adopt tvo ntuillAr 
tMch he expects to wort off in BUteen boon with 
Btion o£ 15 cwts. of aiilphate. 
\ the advantages of the process are that tho vhol» 
par&tuB is hermetically eealod, and the operation 
ied is of extreme simplicity. These, together with 
&a for pacting the material, -vrliich may bo either 
a harrels, as Tell as in the means of tnuuiport or 
\, and the opportunitieB afforded for its disposal, 

are merchants who purchftse it in quantitieB aa 

four tons. These circumstances, together wifli 
'diat the sulphate is not a perishatle commodity in 
Bary sense of the tenn, that during the last few 
though its production has considerably increased, 

has been also augmented, being at the time of 

this about £17 per ton: all clearly prove how 

a question is the manufacture of the compound 

1 when combined with a gas-works. 
Gng to Mr. Browning, the not profits derived 
lufacturjng the ammonia on their works after all 

are paid, together with interest on capital em- 

ce upwards of £500 per annum, which is sufficient 
more than one per cent, dividend to the ahare- 

From this we gather that an important revenue 
stained from this drug, which is frequently allewed 
Sway as useless, producing at times numerona 



£ng to Mr. Whimster, engineer of the Pertli Gas 
^ners, "from 18 Iba. to 22 lbs. of sulphate of 
t are obtained from each ton of cannol coal ear- 
in the manufacture of gas, the average produce 
ibout 30 gallons of ammoniaeal liquor of 4J 
arising from the condensed liquor, and that 
in the pmifying apparatus per ton oi cob.1. Of 
N 2 



i 
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liquor I ton, or 200 gallons will yield, 1 
of Bulphato of ammonia, and will require nearly 
voight of sulphuric add at 144° Twaddle, the actual 
t]iortioii being in ordinary working about 92 pei 
' itli good eulphuric acid, made from sulphur, not ; 
pyrit«», ft good light grey commercial salt is pro^ 
eootoiiung 97 per cent, of pure sulphate, or 23 peri 
of pore ammonia." 

One ton of cannel yields on the average 20 Ifcj 
mlphate of ammonia. This, at the former price of 
per ton. is equal to 40-7d., from which, if ve 
Mr. "Whimater's figares, 9-7d. will have to be dft 
OS the cost of acid, fuel, and labour, when 
raoains 28. 7d. net return from this Bource for ereq 
of coal carbonized. However, from this the 
plant and wear and tear will have to be deducted, 
Till leave about 2s. 6d, as the net profit on every l 
oonnel, derived from the manufacture of the compoi 
question. The yield of sulphate from caking coal ii 
than from cannel, averaging about 16 lbs. per ton. 

With these statements before us, it ia evident I 
most serious loss is sustained by every company ' 
does not profit by this residual. At the Oolehester' 
the consumption of coal is about 6,000 tons per an 
and yet within our knowledge, there are gas-n 
abroad carbonizing four times that quantity, whert 
whole of the ammonia is lost. Thus, taking the 
tions of the Colchester company as a basis, in a 
carbonizing 24,000 tons of coal, the revenue from 
source in question would be no less than £2,000 
annum, and this for a drug that is often permitted to 
away. The loss arising from this extraordinary 
lessneaa at the nimieroue gas-works ia the world, 
bo hundreds of thousands of pounds sterling per aS 
This, however, is not all, for as the sulphate ia gen 
employed as a fertihsing agent, it follows that i^ 
oZisenoe of that agent, t\ie6Q\l^^csdu,ceH much less tU 



PRECAmOXa TO BE OBSER^'ED. 

erwise would, by which the loss to the world ut Lkrg« is 

laderabij augmented. 

It, therefore, becomes the duty of every manager o< " 
'..y importance, every secretary, and director of 
' , iind even the Bhareholders, to prevent tliia ' 
.■i '.ii profit by the mauufSiCture of the compound in 
jh, for the transport and Bale of which euch extra- 
■dinary facUitieB exiBt. 

Ilie necessary instructions for preparing the test papers 
"iirrfd to, which are also useful for testing the puri^ of 
1,-05 manufactured, are given on page 173. 
trum the preceding dimensions, and the quantity of 
>al carbonized being given, we are of opinion that an 
pparatofl may be estimated for a works of any magnitude. 
^ instance, say for an establishment carbonizing 2,000 
^ of coat per annum a S-horse boiler would be neccs- 
*^, the liquor boQer would be required of about double 
*e lapacity, and a condenser formed of 3-indi pipes would 
^ niEple. 

A jirecaution to bo observed in this process, however, is 
■ bo sure that the chimney baa a proper draught in order 
carry oS and consume the noxious gases, as in one 
stance witliin our knowledge the engineer of a works 
rrowly escaped with bis life by insensibly inhaling the 
isonous compounds as they issued from the furnace door, 
ith a proper draught there will be no cause for appro- 
iston. In some works the noxious vapours are conveyed 
Bcfly into the main shaft ; in others they pass to a puri- 
' charged with oxide of iron of considerable thickness. 
i inlet is at the bottom of the vessel ; the top is open to 
atmosphere — that is, without a cover. By these means 
poisonous vapours are absorbed^ and the condensing 
ea are dispensed with. 

Tab. 
;ho residual tar which accompanies the ammoniacal 
lor is aa important source of revenue ioT a ?,*», wna.- 
y. The quality oi thia for the purpoae ol ftis'iSiaSiis 






DREEZE. 27i 

I should te fiist eupported on each eulr, f'itiier hy i 
JierbetoEe, or timber, in onier to retain tlio mau-ria 

mployed. This effected, the path is levelled at a 

mch below the intended surface. Ballast is tha 

Bed, the largest of which will pass through a eiave w 

k openings, and this can either be saturated with U 

lays before use, so aa to allow the moat volatile p 

■"to evaporate, or the ballast may be coat«d with 1 

1 which aome of the moat volatile parts hare b 

rated. The tarred ballast is then laid a thickness q 

1 1}^ inch and levelled. This done, a quantity of hotter, 

V has been deprived of a portion of its naphtha, is liui 

FUie whole of the surface, and immediately after a 

9 spread over the tar to the thickness of ( 
r of an inch. The whole is then levelled by a heavy 
I roller, when the tar intermixes with the grave^ 

5n and good footway. This system is e 
ely employed in the suburbs of London and variou!! 
1^ places, and is a profitable manner of disposing o 
1 in question. 






) residual is generally disposed of to briok-n 

Dn tho average about three shillings per ton. S 
kployed in conjunction with tar for making footwayi 
T to that already described, but for this object thd 
r portion of the volatile matter should be first oxpello4 
I the tar. Breeze is also sometimes intermixed with 
Rtited portion of tar, and after tho two are well incop- 
rated, the mixturo is placed in moulds and submitted tO 
a heavy pressure, by which moans, blocks of fuel arc pro- 
duced, which in many localities will find a ready sala. 
This many years ago was a common fuel among the poorer 
classes in Paris, and where tar and brocze havo i 
different market they can be employed in the mannei 
" "sated. 

tr. Anderson has invented a machine ioi iVe "g-ctir;**! 
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wing Pipes — Duration of Mnina — Tntilo of tlic ftnantity of Oai 
JliTOTed from Pipes of varions Diiuneters — The Importanco of 
EOood Hup of tho District suppliud — Condeusaliou — Loss by 
■"' — Tablo of tho Cost of Mains— SorriceB, 

MaTMB AMD SehVICES. 

bro entered into the manufaeture of gaB and tha 
B apparatus employed therein, we now conio to its 
mtion, which includes a knowledge of tho mea 
ing the gas to the vftrious parts ot the district, 
1^ or city; likewise the methods of conducting it into 
■through premises, together with tho burners and 
' apparatus, such as heating and cooking atoves, 
Employed in consuming gas. 

The pipes which conduct gas through the different 
streets are called main pipes or mains ; and those which, 
convey it therefrom to the houses are termed services. 

Probably the first mains systematically laid throughout! 
a town or city were those of the New Eiver Company, up- 
wards of two hundred years ago, for the purpose of dis- 
tributing water throughout London. 

These were simply trunks of elm-trees left on the ex- 
terioi in their rude state, the interior being bored out to 
thB required 8129, which, varied from 2 m^ea ti \^ 'vns^os* 



lilSTKIBCnOS, 

EQeter. One end of thU pipe was tap«red like a 
a. which, no doubt, that part of eafit-iron pipes take 
, the other end had a conical seat to receive 
jot, and they were joined together with white lea 
ment, and " driven home " with a mallet. 
This nido state of lajing mains existed until the ( 
laiencement of the present century, when the comb 
Lcequiremonts of gas and water led to the productic 
I.QMt-iron pipes ; but when gas companies commenced < 
[operations, such was their excessive cost, that £18 and 
I per ton was the ordinary price then paid for them. 
r Buccesaive improvements introduced into this branci 
industry tho price has gradually diminished, and at 
present day mains are obtained for less than one- 
that cost. 

At one period, when cast-iron mains were very 63 
sive, several attempts were made to substitute thei 
pipes of other material. In a city in the weBtern pi 
England an extensive trial was made to transmit 
through brick conduits. Earthenware pipes, 
the drain pipes of the present day, were also used ; 
bottle-glass mains were proposed, but never carried 
operation. Pipes of earthenware were used on an ex 
sive scale in some of the towns of France, the join 
which were made with Roman cement, and the sen 
attached by pimching a hole in the main and inserting 
end of tho leaden service-pipo, which was secured ■ 
cement. It is almost needless to say that tbi^ syt 
resulted in complete failure, and several gas compe 
were all but mined by resorting to it. 

Subsequently a description of main was introduced 
France and the Continent called, after the inventor, 
"Chameroy" pipe. These are constructed of tinnei 
leaded sheet iron ; tho pipes, of 2 or 3 inches dianu 
being of the thickness of ordinary stout tin plate, hut • 
are made thicker according to the increased diameter, 
thus, a 2-1-inch pipe ia iiwAa o4 o-taut No. 16 gauge 
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pmakiiig these pipes the afaeEit iron ie turned round to 
^ the pipe, wlien it is riveted and soldered ; and on th.9 
■ ' i cast corresponding mole and fcmalj 
screwB, mado of a composition of tin, lead, and antimony, 
■which are finnly soldered to the tube. The pipe then hat 
a coating of tar intemallj, and a lajer of asphalto, inter* 
mi:ced with sand, of from i inch to i inch thick, according 
to its dimensions, on the exterior; and when laid, they a 
screwed together with a hempen washer dipped in tallonv 
forming a very sound joint. Ajiothor method applied 
within the last few years has superseded the screws, and. 
oonsists of two pieces, which unite together similar to a 
bayonet joint. Although apparently so very fragile, thcaor 
japes are of extraordinary durability, many of them having 
been interred upwards of thirty-fiye years without showing 
the slightest symptome of decay ; and undoubtedly the 
nature of the material of which they ore composed pr»- 
rents to a great extent the action known by chemists aA, 
"endosmose" and "exosmose," which action is considered 
to esist to a serious extent with cast-iron pipes, and to b« 
detrimental to the (Quality of gaa transmitted through, 
them. 

By a law of nature, all gaees have a tendency to divide> 
separate, or diffuse themselves ; thus the poisonous air oj 
confined places, the vitiated atmosphere of large towns tmS 
cities, or gases that may be engendered prejudicial to 
animal life, are diSuaed, and fresh air takes their place. 
This law is so powerful that gas, when confined in pipes 
or gas-holders, traverses the metal, and atmospherit 
enters to replace it ; which action occurs with gas in m 
and is called endosmose and exosmose, derived from the 
Greet, signifying impulsion, or pressui'e from within and 
without. Of course, the more porous the substance con«- 
fining the gas, the more powerful is tliis action ; hence thB> 
necessity of having the metal forming the pipes ascompaoft 
OS possible. 
It is eieo believed that when gas ia ia a ii\M.i ^ te^^ 



DISTRIBDTION. 

tfiiat is not flowing;, or as sometimes termed, " dead g 
' e action of endosmose is greatly increased. 

Cast-iroa pipes ore universally employed in Engli 

nd their mimufactiiro is at present brought to a g 

feto of perfection. Ab ordinarily made, when ui 

I inches diameter, they are 6 feot long and barely f i 

; when under 12 inchosand above 3 inches diame 

y are 9 feet long, varying from | to J^ inch thick ; v 

I inches diameter, or larger, thoy are generally 

long, but rarely exceeding g inch in 

These pipes have on one end a socket, sometimes c^fl 
?*faucet," sufficiently large in diameter to alloiv the em 
mother pipe to enter very freely. These sockets var 
mgth from 2^ inchea to 6 inches, according to the dianU 
( the main, the first being for 2.inoh pipes, the latter 
inches in diameter. The other end of the pip 
lUed the spigot, and has a small bead cast on it, v~ 
prevents the yam passing into the pipe when the ji 
ia being made. The quality of iron for pipes ia of 
utmost importance ; very soft black iron contains a 1 
proportion of carbon, and this, by long use in the con 
ance of gaa, becomes sometimes so soft that it can be < 
ivith a knife with the greatest facility, hke the crust- 
bread. 

Previously to being laid, the pipes should be t 
separately by means of hydi-aulic pressure of at least : 
atmospheres ; at the same time, a few blows struck a 
thoBe under examination with a hammer will detect ' 
fault that may exist. Should there be any cracks or fli 
these will be perceived by the water oozing therefr 
when the pipe should be at once rejected, A sound ] 
will easily be distinguished from a cracked one by t 
ringing noise it gives when struck smartly with I 



Tie following is a toiVAfi (A 'ii.e \jeiv^kte and lengths of 
madna as usxially cmplojoi i^i g*,i4,>iM.\ «a ■Ctsi -^ni^ 



different manufacturers vary in thictnese, the 
must, therefore, be considered as approximatiTe :— 



1 Lenoths of Cabt-ibom Mains. 
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ing the infancy of gas-lighting cast-iron pipes were 
e with flanges and put together with bolta and card- 
1 washers, but, whether arising from the settlement 
of tie ground or whatever cause, they were very suscep- 
tible to breakage, which caused them to be abando 
and the lead joint became universelly employed. Some 
years ago the turned and bored joint was introduced by 
the late Mr. King, of Liverpool, and although variouB 
methods of jointing pipes have been proposed from time to 
time, only these two systems, the leaded and the turned 
and bored joint, are generally adopted. 

The lead joints afford greater facilities than the other 
for laying where there are curves or bends and short 
lengths, and, in addition, they possess a degree of elastioi^ 
which in some localities may be desirable. 

When making this joint the spigot of the pipe about tO' 
he laid JB placed into the socket oi ttwA a\te»A'g^ai\, Vass 



TURNED ASD BOHKD PIFES. 

oE the labour in tu rnin g, as irill be Boea h 
cheaper than tliose of lead wlien laid. When 
all tliat is required is to dean tlie tamed faoc 
them oyer with red maatic, when the pipes an 
and driven home either with a mallet, or 1*7 • 
ponded to shear legs, or b; means of a acm 
e^^^nst a stake driven in^i the ground. Wlwi 
straight line of considerable length these [upoi 
escellent job ; they ate readily pat together, 
fectly sound ; but imder some conditions, as when 
on a dead level or slightly deviating from that, thi 
demand extra care in laying, ae the position of the pipe > 
regards its level ia controlled by the manner it is f( 
home — thus, if struck above the centr«, the end of t 
pipe will have a tendency to rise, and if beneath, it w 
descend below the proper level. 

In very large pipes of 4 or 5 feet diameter, the N« 
Eiver Company employed a few years ago another means 
making joints. In this case a bead is cast on both ends 
the pipe, there being no socket. There is a collar or bdt 
of cast iron, about 7 inches wide, made ia three or 
segments, which are secured together by bolts and nuts. 
Ths interior of this belt assumes the ^lape of, and fits 
tolerably close on to, the beads of the two pipes to be 
jinnted. Previously to the iron belt being placed, a band 
of felt, of about the same width as the belt, dipped in 
tallow, is laid around the pipes and over the beads, when 
the cast iron segments are placed and screwed up, making 
a, good, sound, cheap, and somewhat flexible joint. 

We, however, witnessed a similar plan to this employed 
for the mains of a gas company abroad with the very worst, 
results. Besides this, it was more costly than either of thi 
ordinary methods of laying mains. 

The annexed table of the cost of laying 
from Mr. Newbigging's Handbook for gas engineers 
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^H Anathor mMns of attaiaing tho Bome result la by tho 
^V' beautiful invention of Mesars. Sanders and Doizovan, 

vhich is remariaWe for its simplicity and ingenui^, au : 

based on truly scientific principles. 
Fig. 58 represents a meter with this improTemeat. i j 

the outer case on whliAi is fixed a circular cose, replacing I 




the Bijuare bos already mentioned, a ia an air-tii;L 
vessel, in reality a float, fixed on an axle x, -working fni ' 
in its bearing a, m tbat it can make nearly half a rcTcl . 
tion. When there is an insufficiency of water the II 
tangs in the position shown by the dotted Hncs, and :i- 
plug h closes the valve attached to box c, and impedes v-'- 
sujjjjjj' of gas. 
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An evil to be avoided in l&ying mains is the syBtem of 
contracting at an iinreaBonably low price, whicJi contmct 
ia Bometimes afterwarda aublet. Under euch circumetanceB, 
it follows that instead of the joints containing their propw 
quantity of lead, often only one-third of that is employed, 
when, although tho joints may bo caulked so as to be 
rtndered sound at the time, yet on the slightest settle- 
ment of the ground they will become defective, and a 
continual source of loaa to tho company. 

Sound mains arc the first essential for the prosperity of 
n gas company, and, although during many years ths 
leakage of gas was estimated at 30 per cent, of the pro- 
duction, modem practice teaches us that with ordinary 
care this should not exceed 1 per cent., whilst by some 
companies it is reduced to as low aa 5 per cent. 

Whenever the loss from unaccounted-for gas ia ( 
sive, the cause should be sought without delay. In some 
casoB this occurs through an esceaaive supply to the street 
lamps. This, at the present time, with the improvements 
introduced into lamp regulators, by which any definite 
quantity ia delivered, within a trifling percentage should 
liever be permitted. As silready observed, no doubt t 
large portion of theloss arises fromthe holders "blowing;" 
or the loss may arise from the consumers tampering with 
the meters ; or tho meters may be so defective as to allow a 
large portion of the gas to pass unregistered, and which 
can only bo ascertained by proving every meter i 
district. Years ago one of the London companies allowed 
their meters to fall into such a state of decay that the 
dividends of the shareholders suffered very severely in 
consequence. 

Again, the loss may arise from defective services, or e 
main or service may be very defective, allowing the gas to 
escape at some out-of-tho-way locality, where ths odoup' 
arising from the escaping gas is disregarded. If, after; 
having investigated all these points and corrected the eviifl^ 
the loss froin unaccoimted-fop gaa cO'[Amii's& mYSi^' 



» 



DISTRIBUTION. 

the only remedy is to test tlie maiuB, when 
rhole leagth may be divided into separate diatriote, i 
of whidi may be tested by a. meter. 

For this purpose the main will have to be cut at tl 
four points, and an experimental or other meter with 
able connectionB introduced, when the amount of It 
vill bo ascertained in each district. This accom] 
the judgment of the engineer oi manager, will directhi] 
to the best course to be adopted, whether to strip the w 
line of main, or one portion only. 

Our opinion is that the loss from mains, unless lece 
disturbed, or when badly laid, is unimportant, inaan 
as the corrosion which forms itself on tho pipe and ji 
generally serves to prevent the gas escaping ; and i 
decayed services, which, when removed from the grc 
are perforated with large holes, often show no Bigmi a 
escape until they are disturbed ; and that old mains 
not conducive to heavy leakage is made evident by 
small amount of unaccounted-for gas of the (Jas I 
Company, which has the oldest mains in the kingdoi 
use. 

There are, however, certain destructive agencies vr 
materially alioct the durability of mains ; thus it is 
that the worst of all ground in which pipes can be lai 
"that containing ashes, cinders, and moisture; 
the pipes are speedily covered with marks through 
similar to pock marks, some of which eventually penet 
the metal. This action is undoubtedly due to electi 
agency, by each of the numerous particles of carbon b( 
in contact with the iron, which, aided by the moisture, i 
little batteries, and produce the rapid decay." In sa 
saline ground a coat of oxide forms itaelf on tho extei 
which materially diminishes the thickness of the iron, 
the pipe, but the metal does not alter in its nature. In | 
made ground, cast-iron pipes become rotten end Boft> i 
Iiastly, in clayey soil the iron is kept tu an extraordinary 
tate of preservation", ani 'wo Wnij buawn ^ipes to ha 
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embedded in clay witliaTieirtoAab' 
fore the daration of mi 
which they are laid. 

In laying maina, Uie fint WnMiw tioa ii 
qnaatity of gaslike^tobeieqtnndl^d ~ 
which decided, then a point in U 
be a general dirergence of the pipea msM Im a 
The distance between this poiMt sad the wxwfcs Ihh 
known, the size reqaiaito for tte leidiBg una avy be i 
termined by referring to the Tcry au-uiala taUa a 
by the lat« Mr. Barhnr, of the qnanli^ d ( 
per hour under certain ynssaxtm, by 1 
of different lengths, which n 

in the "Journal of Ga^ Lightings" olTUd^ttoft 
is on abridgment. 

The table is calcnJated on the wi g po Mti on tbift I 
are on a level ; if there sfaonld be a deaoent to the pert i 
be supplied, they ought then to b 
contrary, should there be i 
be diminished- 
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DUXBTBR OV 


PiPB 


} INCH 


• 






Length in yards 


10 


20 


30 


60 


100 


^^ / with 0*1 inch preasure 
.f 1 „ 0-2 

g 1 M 0-3 „ 

^-^ [ » 0-6 


104*3 
147-6 


73-8 
104-3 


60-0 

84-9 

104-3 


46-6 
66*8 
80-9 
93*2 


32*9 
46*6 
670 
66*8 
73*8 



DlAMSm OF PiFB 1 IXCfl. 



Length in yards 




with 0*1 inch pressure 

0*2 

0*3 

0*4 

0*6 






II 



II 
II 
II 



II 



10 


20 


30 


60 


214 


161 


124 


96 


302 


214 


175 


136 






214 


166 
190 



100 

67 

96 

117 

136 

151 







DlAMBTER OF 


Pipe Ij inch 


• 






Length in yards . 


I pressure 


26 


60 


76 


100 


200 


I'll 


with 0*1 inch 


236 


167 


137 


118 


84 


II 0*2 


II 


333 


236 


192 


167 


118 


11 " ^'3 


II 




289 


236 


206 


144 


I'S 


II 0*4 


II 








236 


167 


^-^ [ „ 0*6 


» 










187 



DiAMETBR OF PiPB 1} INCH. 



Length in yards 



tl 
II 






' with 0*1 inch pressure 

0*2 

0*3 

0*4 

06 



II 
II 
11 

99 



II 
ft 
If 

n 



26 


60 


76 


100 


374 


264 


216 


187 


628 


374 


304 


264 




468 


374 


322 




- 




374 


\ 


\ 


\ 


k 



200 

132 
187 
229 
264 
296 
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ubllity of the passago of the gas helng obstnutod bf 
frost, nor are the pipea liable to be stopped by the T&pooT 
of the irater condensing in them. The diy inet«r doee iuH« 
like the other, demand a periodical attention, either iff 
add or absti-art water, nor is there the probability of tfa*' 
lights being suddenly extinguished frcon an insufficieuc^ 
of that hc[uid. 

Such was the prejudice existing against the use of irf 
meters about thirty-three years ago, that very few gas eom^ 
; .lilies could bo induced even to trj' them. It was feared 
..ii the flexible material entering into their compositioo 
i .nld speedily decay, whereas experience haa demonstrated 
u;ut this, when properly prepared and arranged, is the 
most durable part of the instrument. The dry meter warn 
tlien considered of such extreme delicacy of conatractioa, 
that its durability must of necessity be very limited. "Eaw 
ever, experience and time have gradually dis] " 
riutions, and that instrument has now become a 
riral to the other. As a proof of their general 
at the present day, it may be stated that sereral 
fucturors make only the dry meter, whilst evtTj wet 
Oieter manufacturer in the United Kingdom, aa well as 
iiiost of those in America, construct dry meters. XIow- 
"^ver, in France — where to the present time the utility 
'-■f the telescopic holder is ignored— the dry meter has only 
^luring the last few years come into use. 

The first record of a dry meter is met with in the patent 
Of John Malam, dated 1820, ia which he adapted a serjei 
of bellows combined together to a common shaft, with a 
%vtary valve in the centre ; the gas being expelled by the 
"freight of the flaps of each bellows in succession. The 
jidan, however, was not practicable, nor was it ever carriad 
into effect. 

The principle of the dry meter will be best underBtood 
by referring to the action of the common bellows. Whea' 
i upper leaf of this well-^MMi^mestic appliance to 
r^iised, an exhaut 
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Diameter of Pipe 5 inchsi. 



liODgth in yards 






with 0*1 inch pressure 

0-2 

03 

0-4 

0*6 



ft 

I) 



I) 



100 


250 


500 


750 


3540 


2245 


1587 


1296 


5005 


3174 


2245 


1832 




3888 


2748 


2245 






3174 


2592 
2888 



1000 

1122 
1587 
1943 
2245 
2508 



DiAMETEB OF PiPB 6 INCHEB. 



Length in yards 



11 



{ with 0*1 inch pressure 

0-2 

0-3 

0-4 

0-5 









250 


500 


750 


1000 


3770 


2660 


2170 


1880 


5320 


3770 


3130 


2660 


6520 


4620 


3770 


3270 


7540 


5320 


4340 


3770 




5970 


4860 


4210 



1500 

1530 
2170 
2660 
3060 
3430 



DiAMBTBB OF PiPB 8 IN0HB8. 



Length in yards 




with 0*6 in. pressure 
0-8 
1-0 
1-5 









750 



10940 



1000 



9450 
10940 



1250 



«480 

9780 

10940 



1500 



7760 

8940 

9900 

12200 



1750 



7150 

6260 

9237 

11300 



Diameter of Pipe 10 inches. 



Length in yards 

-6*'S / with 0*6 in. pressure 
•^ g i n.Q *^ 

U 



o^'S 



n 



0-8 
?.-0 
1-5 



99 



750 



19120 






1000 



16500 
19120 



\ 



1250 



14800 
17050 
19120 



\ 



1500 



\ 



13500 
15600 
17400 
*LUQO 



1750 



\ 



12500 
14400 
16150 
19600 



TABLES OF DELIVEBY OP CAS. ^^H 
DUMnzR OP PiPB 13 ncHBt. ^^^^H 


fn^ud. .... 
tth O'S in. preBmiTe 

>. 15 .. 


730 ' 1000 


1250 


,m 


™ 1 


30200 26100 
80200 


I3S0O 
26900 
30200 


2UO0 
24600 
27500 
33600 


lesoo 

2J700 
26450 
31260 


DlAMBTBB OF PlTB 15 OCHHI. 




m. 


1500 


I7S0 


2000 


jth OB inch pressure 
« 1-0 

» 1-5 „ 
.. 2'0 „ 


47000 
62600 


42S0O 
*8000 
68700 


39800 
4*400 
64300 


37200 
41400 
SOSM 
68700 


DiAXKBB o» Fm IS racHM. 


i»r^ 

rith O'S inch pressure 

,, 1-0 

» 1-5 

•. 2'0 •• 


IfiOO 


2000 


3A00 


3000 ' 


67600 
75700 


fiSBOO 
6M00 
80000 


S2300 
68800 
71800 
62800 


33800 1 
S3500 

eeeoo 

76700 


DUHETER OP Pipe 20 nrCHii. 


in yards 

rith O'S incli preflsure 
.. 1-0 
,, 1'5 
>. 2'0 


loOO 


2000 


2500 


3000 

62400 

sesoo 

86300 

essoo 


88DD0 

essoo 


76500 
83300 
102300 


68400 
76500 
93500 
108000 
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DiAMBTEB OF PiPE 24 INCHSfl. 



Length in yards 





with 0*8 inch pressure 


» 


1-0 


II 


» 


1-5 


II 


» 


20 


i> 



137200 
155000 



2000 



119000 
135600 
163000 



2500 



106000 
119000 
145500 
168000 



Length in yards 



DiAMBTBB OF PiPB 28 INCHES. 




with 0*5 inch pressure 
1*0 
1*5 
2*0 



» 
11 



II 
II 
II 



1500 


2000 


2500 


: 161000 

: 229000 
■• 280000 


140000 
198000 
241000 
280000 


125000 
177000 
216000 
250000 



Length in yards 



DiAMETES OF PiPE 30 INCHES. 




with 0*5 inch pressure 
I'O 
1*5 
2*0 



II 
II 
II 



II 
II 
II 



1000 


2000 


3000 


234000 
332000 


166000 
234000 
287000 


135000 
192000 
234000 
270000 



Length in yards 



Diameter of Fife 36 inches. 




with 1*0 inch pressure 
1*5 
2-0 
2*6 



II 
II 



1000 


2000 


3000 


530000 
\ 


372000 
456000 


303000 
372000 
428000 



2 
3 
3 
4 




VARIOUS KINDS OF 

fiaolly we IiaTB known it to be 
burner," but for what 

In tho fishtail boruiw two iuAet an iiiDtA at • 
angle, from which the gaa {■■iii«. and la tke 
impinge against each other, t' ~ ~ 
right angles to the line of the 

Tho einglo jet is formed hy 
Email orifice, which, howerer, for the qaaatttr ot ligM 
yielded from any given qoanti^ of ' 

for this reason it is almoet 
lighting, but ia applied du 
small flame ia required. 

Although scicutiEc men directed &eir 
conGtruction of bumere some f«nr yean . 
ment of gas, and entered very mimitely 
combustion, and laid down some moet valnabls 
ceming the best form of bomen, this infotmation daring 
many years was entirely disregarded. And we are led to 
Uie conclusion that the errors cmnmittcd in the onutme- 
tion of burners demonstrate that the opinion existing at 
one time, was, that no matter how the gu might be bomt; 
no matter tho size or number of the orifices of the burner ; 
that from a certain quantity of gas a giTon quantity of 
light would always be evolved. HoweTer, this idea is en- 
tirely orronoDus, as gas may be consumed in such a manner 
as to give its maximum degroo of light, or to yield no light 
whatever. 

In order to make these assertions evident, if 
gas of such a quality, that with an argaud burner, coU'^ 
Burning say 6 feet per hour, the light of 20 candles is- 
evolved, which we may assume to be tho maximum amounbi 
of light to be derived from it. But if tho same quantity 
and quality of gas be consumed in a IJunsen or atmospli 
burner, by which means a quantity of air is internf' 
with the gas, then a blue fiame is produced, but pra(4[l 
devoid of light. The same effect is obtained by hav^ 
argand or other burner witli very anali oil&iea i^iaac, 



manner 
lo light J 

empltiy I 
:rr, con^B 
idles ifl'fl 
imounbfl 
uantity^ 
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intOTvalB o£ 6 or B feet would be sufficient. The best 
for laying on the contours is, that they ought to he 
frequent as to show bj a mere inspection of the map 
level of every part of the surface with reference to 
fixed datum line. 

The admirable surreys of towns made under the ■ 
of the ofBeoTs of the corps of Eoyal Engineers, and pit 
on a scale of 5 feet to 1 inch, are exceedingly well 
for the delineation of gas and water pipes. 

There are abundant examples of the mistakes 
gas companies for want of proper maps of their mj 
We heard some years, ago of a main being l^i 
supply a street, when by accident it was discovered 
two other pipes were already laid, although no ona 1 
of their existence. It has been asserted by a writ* 
this subject that in a street of half a mill 
less than twelve syphons have been discovered on 
up the main, while one, or at most two, would have ' 
sufficient to drain the main. Blunders of this kind 
evidently occasioned by the want of maps to refe 
showing the works already executed, and whidl H 
have prevented the repeated errors. 

Generally the mains in small towns are laid in or 
the centre of tho road, but in large towns they axe 
in the footway close to the houses, this ylan being ado 
in order to avoid the expense of long services, anc 
the general convenience of the puhlic. 

Gas in its passage from the works carries with 
quantity of vapour of water, which depends prindpi " 
the temperature of the water in tho tanks of the gas- 
Tho vapour existing from this cause, in its transit 
the pipes underground is condensed, and if no pro 
were made the water would eventually obstruct the 
and stop the passage of the gas ; therefore wator reo 
(or syphons, as generally, although improperly, ealle 
placed at certain intervals to collect the condensed li 
which syphons should 'be e,a ie'^i 
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Kthe perfect drainage of the maina, in order to aroid. 
aaary expense in placing them; imnecessapy labour 
LDg them ; and the probability of some of them being- 

I necoaaity the mains must always incline into thesa 
I, to enable the water to drain into thorn, \rhich it 

s pumped out when desirable. 
1 has often been said of the largo ijuantity of ga& 
1 its transit through the mains ; which is do- 
y erroneous, for if the vast condensation existed whicii 
I pretend, it would be made apparent by the nature of 
Ig^uid deposited in the syphons. That this liquid ariseB 
llie condensation of vapours carried off with the gas, 
lde evident by the fact, that in summer, when the 
tiou of gas is at the minimum, the condensation in 
rphoiis is at the maximum, arising from the heat of 
lolder and the gas therein, which causes a largs 
ity of vapour to pass off into the mains. Therefore, 
f every confidence, we may soy that the loss from 
I the ordinary way of manufac- 
I gas, is not appreciable ; but when gases are so 
1. that the hydrogen does not chemically eombino 
, the carbon, or when they are subjected to severa 
b(dd, then the deposit of carbon by condensation is oftcoi 
Very considerable. 

Xionkage in mains is a continuous and serious source of 
loss to a company ; for this reason gas mains shoidd never 
fca laid -with undue haste ; the operation requires the utmost 
care, for on this greatly depends the success of the enterprise. 
An excellent plan to preserve pipes, and to prevent 
leakage to some extent, is to coat them when heated with 
'pitch, or they should be painted inside and outside witli 
thick tar, and no gas mains should be laid without thift 
precaution, 

The position of the works in relation to the locality t» 
he supplied, together with the size of the leading 
must determine the pressure at wluch ttvB ijaa li&jy^iVft 
o 2 
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DXAMKIE or PiPB } ZHOH. 



Length in yards 




10 


20 


30 


60 


104*3 


73*8 


60-0 


46-6 


147-fi 


104*3 


84-9 


66-8 






104-3 


80-9 
93*2 



DlAXSTIB OV PiPB 1 IKCH. 



Length in yards 




with 0*1 inch pressure 

0*2 

0-3 

0-4 

0-5 



n 



f> 
w 
ft 
» 



10 


20 


30 


60 


214 


151 


124 


95 


302 


214 


175 


135 






214 


165 
190 



IM 



67 

llfu 
llf' 






DiAMBTBB OF 


FlPB 1^ IKCH 


t 






Length in yards 


25 


50 


75 


100 


200 


^^ ( with 0*1 inch pressure 

§1 „ 0-2 

1| „ 0-4 


236 
833 


167 
236 
289 


137 
192 
236 


118 
167 
205 
236 


84 
118 
144 
167 
187 



DiAMBTBB OF PiPB 1} INCH. 



Length in yards 



•f 



II 



with 0*1 inch pressure 

0-2 

0*3 

0*4 

0*5 



ft 
ft 

99 



tl 
99 
9* 
99 



25 


50 


75 


100 


374 


264 


215 


187 


528 


374 


304 


264 




458 


374 


322 




- 




374 


1 


\ 


k 






0^ 6UGC8 ABOARD BURNER. 

gas, wMch at the time met ^tli a coiieidaiable degrco q 
Buwesa. But the argand haa fiinco been superseded by t] 
combination of a number of flat-flame burners eucloeed is J 
lantern, as represented in the anusixed engraving {Fig. CSfl 
A peculiarity connected with this system of burning f 
is, that only sufficient air ia admitted eseential for the o 
bustion of the gas, and as this becomes heated, the IJ^ 
evolved from a given quantity of gaa ie greatly augmented 
This combination of burners is as important improvemafl 
in public lighting, and lanterns 
of this description are made to 
give tho light of 600 candles. 
The excellent effect produced 
haa caused them to be adopted 
ia almost every town for lighting 



I Another description of burner 
suitable for giving a large quan- 
tity of light is that invented by 
Mr. "Wigham, and consists of a 
number of small fishtail burners 
placed in concentric rings. At 
tho lovfer part is a cone which 
admits the supply of air, and 
at the upper part immediately 
above the jets is a talc chimticy, 
by which a current is formed. 
This is in reality an imitation of the conccntiic 
argand, and gives a splendid light, equal to about fut 
candles per cubic foot of ordinary sL-rte en -caudle gaa, i 
it is well adapted for large areas, such as docka, sqiiarei 
very wide streetH, or where several roads meet. 
burner is oxtensiyely used in lighthoi 

Small burners, and particularly eshtail, ore objoctioiiaW 
on account of the diminished light yielded hy a givoi 
quantity of gas when they Bieemploycd, An matanro el 
this recently came under t0^^''&, where ia a «hop 




uOgV^m 



latter is very < 

globes, by which, howei 

by two distiact causes, i 

CompoBing the globe, and the d 

the admittance of ur at its Imh 

The degree of obetroetiaa of fi^tf viA 4 
of globes, is represoitod by Hx. Waal «C I 
others as follows :^ 

Light obstractrf bf • d 



Hence from tfaic pi ece ffi ag. w« j 
(Odinarj clear ^ass gUw ■omIj' «■ 
l^fat is absorbed by the ^aai aaJ laa 
are ground all otv, a lo« of 40 per «aa. if As ^^^^ ' 
sustained, and with opal f f abB t i « fc — ■» m j yJf 
used, no less than 60 pv tamL «f the aadMt If^ » 
absorbed; m in nrliri liiiftiia|,i . if ■! mhiimi Iha jbm» rf 
gas to be 4b. per 1000 faet, a^ if ""^ liii^j iff S|^ 
obtained by opal gfobea ia 4afy ovaiSaal, As t^ Av 
use the constimer vohtnlaiilr iatnMHB the fbae «i liM ^m 
to lOa. per 1000 feet. 

The globes or moons tor fi 
orifice about 2j inches, sikd A* «ppw 4 : 
diameter. The effect of this is, € 
always rushing in at the bottooi to rnflirin the ■ 
which ia continually eecqui^ from ife inferior of 4 
Consequeutlj-. this cutT«Dt impinges upon th« ' 
cools it in such a manner, that if four (©»<<»«*■•■■*•( 
issues from a burner enclosad in a globe of tbia * 
no difference iflobsorved in its fl 
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on pipes inclosed in pitcli as described ; that eyBtem cno 
thorefore bo strongly recommended. 

Another method consiats in painting tho pipes before 
laying them with hot pitch, -which ayatem, however, :• 
not equal to that mentioned. Tborc is reason to believe 
that Professor Barff's and Mr. George Bower's ejBtem fw 
presorving iron will be extensively applied to wrought-irou 
pipes, when neither of these preventiTe measures will h 
neceesary. 

Here we may observe that the moat important impTove- 
mcnt made in modem times in connection with tlie 
manufacture of iron is that for its preservatioa againtl 
atmospherical influeaues, patented by the gentlemen ju^i 
mentioned ; and as Mr. Bower's system is the simplest w.- 
proceed to describe it. The iron to be operated upon ii 
placed in a chamber or retort, which is kept at a temper.^ 
tureof about l,200°Fah. The chamber being hermetically 
closed, a limited supply of nir is allowed to enter, when 
the iron gradually absorbs its oxygen, and at the e 
of fivs or six ^hours it acquires a coat of black c 
which arrests any further oxidation. The author has i 
a, sample of iron so prepared exposed to every chai 
the weather during nearly sis years, and on which t 
is not the slightest trace of oxidation in tho ordinary si 
of the term ; thus proving beyond all doubt the proser 
tive power of tho process, and points to the desirability^ 
its emploj-ment in all the various parts of a gas-workiiT 
well as in tho mains and services. 

When lead services are employed they require to be e< 
ported by wooden battens dui-ing theJt whole length u 
ground i or in the absence of this, on the loose soft g 
settling, recesses will be formed, leaving places in the pi 
for tlie water to collect, which may either impede the I 
sage of the gas altogether, or cause very disagreead 
oscillations of tho lights. 

But however well serrices may be laid, it frequen 
ocoura that in the oouiBeott\m.«'ii«3'\>w«n«^oAES!i!u«A,« 
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naphthaline, when in order to remove this the air-pum 
Bervice cleauet must be employed, This apparatus conusti 
of an air-pump with a receiver, on which is a stop-cock, and 
b provided with two luga at its base. "When in operation tha 
service deaner is connected with the obstructed service by 
means of an india-rubber flexible pipe ; the workman 
then etands on the two lugs, and by moans of the pump 
compreaaes a quantity of air into the receiver, which effcctet^ 
he suddenly opens the etop-coek, when by the force of tha 
compressed air the obBtruction is removed from the service. 

Various opinions exist concerning the formation of that 
troublesome compound naphthaline, but our experience is 
that wherever 7 or 10 per cent. o( cannel coal is used with 
eating coal, naphthaline is not found in the mains i 
services, nor under these conditiona have we ever met with 
it in a works. 

Sometimes galvanized iron pipea are used for eervicea, 
which no douht are admirably suited for work abov& 
ground, but in some soils the zinc is very rapidly destroyed, 
snd for this reason they should not be used. 

Services like the mains are required to be laid with a 
slight incline to the main, or, where the level of the ground 
prevents this, one or more bottle syphons, which are made 
of the capacity of one pint and upwards, with X piece for 
connecting to its corresponding service, should be placed. 

The following list taken from Eichards' Ti'oatise gives the 
diameter of service pipes for supplying a given number of 
lights with a pressure of Atha in the main, each light con- 
suming five feet per hour, together with the quantity of 
|aa the service is capable of delivering per hour, supposing 
this to be open at the end. 
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iag \ thna the conMacBtioiiu omsiimer was cliargt 
to make up for the delmquendes of a large class v 
lcM« Nomimlons. 

Tlio lai^rit and honour of having inveated and const 
<lii> l)»t Koi-niotor ia duo to the late Samuel Clegg, whi 
i»IA pAtiMittiit "ft gauge or rotative gas-meter." 
'iiihitnH^ii^ idthoujrh vtaiy ingenious, was far from beiai 
JWnrih'til tuAt-Jiiuc : it «iU»r«;«iAa MA'^t^ent varioua c 
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Scations, but never attained that degree of perfectioa" 
Bsaential for its general adoption. 

In 1816 the firm of Clegg and Crosley was eatablialied to 
inanufacture meters in accordance with the patent meo- 
Koned, but bo imperfect was their action, that a regulator 
■was attached in conjunction with each instrument to coun- 
teract the oscillation of the lights. 

The following year the very ingenious John Malam in- 
vented another description of instrument formeasuring gao, 
which undoubtedly led to the construction of the meter ainoo 
BO universally employed and bo justly appreciated. How- 
ever, Malam, from some unaccountable cause, never patented 
his invention, and as early as 1 8 i 8 Clogg and Crosley aban- 
doned their mode of constructing meters for that invente" 
by the first-named gentleman. On the occasion of Mb meter 
being presented by Malam to the notice of the Society at. 
Arts, Clegg asserted that it had been copied from him. 
This seriouB charge waa investigated by a committee of 
the Bodetj, who ultimately, after great deliberation, gavo 
their verdict in favour of Malam, by awarding him thoir 
gold medal for his "invention of a gaa-meter, new 
genious, superior to all others, and likely to be of great 
benefit to the public." The extraordinary originality ot 
invention since displayed by Malam has confirmed the de- 
cision of the Society of Arts, whilst an admission has beeo' 
made, in the Treatise on Coal Gas written by the son o£ 
Clegg, under the sanction of his father, that Malam intro- 
duced the "hollow cover," so removing all doubt on 
matter. 

Among the first instrumenta proposed for the iudicatiol 
of the quantity of gas passing, was tliat invontod by Sil 
William Cougreve ; which consisted of a kind of timepieo 
attached to the main tap, so that, in the act of turning thi 
on, a penduliim was set in motion, which marked on th^ 
dial the time the tap was open ; and when the supply w 
ehut off, the pendulum was stopped. By these moans th3 
number of hours the gas had been "burning ■^oaoS^ii^'iSiS^ 
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burner (ot friuch the handl^i Is shown) is ( 
■wheneTer it may be necessary to toast or grill, 1 




IB closed vrhen the heat is radiated on to the fooct 
this apparatus bread may be toasted, or chopa, 




and bacon coolced to perfection. The smallest of fl 
of store costs about twelve shillings, and tho espens 
ior tho operation is meioVj ■n.ummv:!. 
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positive as the measurement: of liqnids by the most OTdinaif 
operation ; and tlie volume of the firEt is capable of being 
aecertained by tho meter with the same precision that 
liquids are defined by quarts and gallons. There is, how- 
ever, a very important difference, inasmuch aa with liquids, 
when ordinarily measured, any interruption in the deliveiy 
is not material, but with gas the flow must be exact and 
continuous. The slightest obstruction in the inetrumeat 
would cause a disagreeable interruption in the supply of 
gas; consequently the lights would vary, or perhaps be 
altogether extinguished. Therefore, in addition to 
ing. the meter must be self-acting ; and, in order that the 
supply of gas may be continuous and perfectly uniform, it 
is remarkably delicate in its construction. 

Tho wet gas-meter may be described as simply consisting 
of four peculiarly formed gas-holders, each of which repre- 
sents the fourth part of a cylinder ; these are all attached 
to a shaft, with which they revolve. These gas-holders, 
with their shaft, are placed in a closed tank or outer 
supplied to a certain height with water, and as they revolve 
each of them ia filled with gas in rotation, which gas ia 
expelled by the action of the holder or chamber succeeding 
it ; or, in other terms, each chamber on being filled with 
^■n.?, causes the preceding chamber to be immersed in the 
water, and the gas to be expelled therefrom to the burners. 

The annexed figure represents a section of the moasurii^ 
part of a wet gas-meter ; hi in jtt in is the outer 
is the revolving measuring wheel attached to its axle a,. 
which works in suitable bearings, as shown in I'ig. 54. 
The wheel is divided by the partition plates, p p p p. whicli 
are slightly inclined, bo as to offer little resistance to the 
water, into four distinct measuring compartments, or aft 
termed four gaa-hoiders, as Nos, 1, 2, 3, and 4, The wheel 
is immersed in water, contained in tho case, to soi" 
distance above the centre, as shown by tho dotted lini 
and by a very ingenious contrivance the gas ^ 
the veaaels in suooession at the side B, in. ^^^ 
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^^Haoat iattcnag tostimoniale conccming t}ua apparatiu 
^^FWliic^ hxve a very extenBlve sale. Iheio are umumeralli 
^^ otlier etoves conBtructod by manufacturers who make tliii 
doBS of businoBB tlicir specialite. 

Cooking by gas is now no longer an exporimontal optr^ 




aa the system is practically employed in j 
lilies of all clasaes with the most complete buo 
.B been introduced into hotels, clubs, and large e 
mente whore food has to be prepared for upwoida J 
thoueand persons doi\y ■, it \6 &ft.a^'i.ii'Ji.\si&^iaQ\a,l 
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wheel being knon^, it is eridont that by simple mechanical 
means the quantity passing can be recorded on the dial o 
index of the meter, with unening exactitude. 

The measuring wheels of gaa-meten are of tooree mada 
with great accuracy, and varj- in size according to th* 
number of lights they are destined to supply. Their 
capacity is generally so calculated that when the maximal 
of lights IB buming, each light consuming at the rate 
6 feet per hotir, the wheel will make 120 rerolations p« 
hour. Thus a met^r for ten lights is estimated to delirw 
GO feet per hour ; therefore, the contents of each i«Tolutioa 
of the wheel is equal to half a cubic foot, and it follows 
that this would have to be filled and emptied, or revolve, 
two hundred times before 100 feet would be indicated o» 
the dial of the index. Hence by these means, when certaiit 
precautions are observed, the meter registers with unerring 
exactitude during many years, until rendered uHeless front 
decay. 

The train of wheel- work giving motion to the hands oit 
the dials is very simple, as each pinion works into a wheel 
which contains ten times as many teeth as itself. The 
ordinary index registers hundreds, thousands, and tens of 
thousands, while the units of feet are indicated on a 
volvjng cylinder within the index-box of the meter. 

Fig. 55 is a cross section of a meter, i i is the wheel or 
drum enclosed in the case, and supported by its axle work- 
ing in suitable bearings. Thoro is a rectangulai' hot 
attached to the front of case ; in which is a pipe, I, for tha 
admission of the gas, the passage of which is indicated by 
the arrows ; the egress pipe is marked i ; and the meter ii 
charged with water to the line h h. 

In the front part of the wheel is a hollow disc with g 
orifice in its centre, thi'ough which passes tho bent pipe ti 
but without either touchong the disc or tho axle. Thrf 
orifice is sealed by the water. Thus the gas, on entering 
through the inlet a, passes into the square box, and thenofl 
by the bent pipe into the hollow disc, anA so isiSa ^'o.sb fe^js 
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measuring chambers of the wheel in succession, tbft 
of which are on the opposite aide. Thus the disc 
the inlets of the dianibers from the outleta. 

Fig. 56 is a fi-ont view, showing tho details of £ 
tents of square box. / is a Boat similar to that 
water ciatenis. On the top of this is attached a vaJ 




nected with a lever ; and when there is an insufBd 
water in the meter, the float descends, closes the vai 
so obstructs the pa.ssage of the gas imtil the propa 
tity of water is supplied. Tho pipe c, through wl 
gaa passes, is level with tho water-line, and any ei 
water flows down this into the waste-box, d, from 
it can be withdrawn iroia. ftic \|\^i e V-g "AiQ wtow. 
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[etera, when worked beyond a cortain speed, tequiro 
increaaed pressure to drive them. Under ttiese cir- 
iBtances they indioate slightly against the company, 

iealy extincTiishing' the lights, throiiKh the float fnllinp- 1 
tutting the valve ; therefore a meter ought never to 
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iply much more gaa tlian the quantity for which it is 
tined. The number of burners furnished by a meter is 
essential ; but the quantity of gas which passes : thus, 
aeter for 10 lights, or 60 feet per hour, will be nble to 
iver gaa for 20 burners, eneh consuming 2 feet per 
m or any number in the same propoi-tion, and, as 
■^ only indicates the volume oi tiie gaa -^aa&ftiL 
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On referring to Fig. 54 it will be observed tl 

of tile measuring vossol nearest tbe axle ie 

the height of the liijuid; therefore by the s 

wuter the capacity of each of the chambers in i 
lauist be diminished, or by abetractiug the wab 
vould be increased. The first contingency being i 
mental to the interests of the consumer, the latter t 
prejudice of the company; and if no remedy exi 
avoid these evils, the gas-meter would be a very impe 
instrument. 

In order to prevent tho gas passing when there 
insHiRciency of water, the meter ia provided with the 
Already doscrihed, which ehuta oS the supply wheneve 
Trater is below its proper level, thus protecting the int 
■of the company; and any excess of water, which v 
detrimental to the consumer, falle down the pipe e into 
waste-box d, and should it not be withdrawn, in timt 
supply will be stopped. By those simple means t" 
terests of both buyer and eoller are secured. 

Formerly the degree of accuracy now attained in inf 
&e proper water level, and the rigidly correct registn 
of the meter, was not considered. Meters at one 
■were made in such a manner that, although c 
the proper water line, they could be caused to vary i 
lially either against the company or consumer, bj 
Bubtraction or addition of water; but as the instr 
was in the custody of the latter, he was always ii 
position to prevent an excess of water remaining i 
meter, and, if so disposed, he could take advantage t 
facilities afforded to abstract it. 

A few years ago the attention of the public was cal 
this defect in the gas-meter, and, the worst intentions 
assumed, considerable agitation existed on the suhje^ 
when the intervention of Govcrmneat became uoceBsarji 
and, accordingly, an Act of Parhament was passed, fcir- 
adding the sale of all meters which by any meaju t 
) made to vary maie flaan two ox ftaea ■'g^t w 
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t standarJ, which range waa allowwi far ii c 
Lount of evaporation of water from the mt-tor. 
r Bubsequently some manufacturers surpaased the pnrlia- 
aitaiy conditions, by making gas-metcra even more pet- 
it than the Act required, by conetrueting them to o; ' 
BiUTarying water line, eo as to measure strictly a< 
Bse instruments are called compensating motors, &i 
J that they compensate for any loss of water that may 
Fig, 57 IB a front view of a meter of thia class, 




I mamifactured by the firm of A. "Wiight & Co., Wost- 

ater. In the front part of tho square box there is a 

^arate resorvoir containing water to supply any deficiency 

I the meter ; and all excess passes to this reson-oii-. The 

ply is effected by the shaft of the toothed wheel, in 

rolving, giving motion to the scoop a, which lifts a 

imtity of water from the reservoir, and conveys it to the 

T of tho mctor, thus maintaining the sui-face of the 

r continually at the same levd^MMbgoneequence, 

« measurement is strictly correc " ~ 
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eel, and by its force presses between the sorface oi t 

I and the side of the partitioii pp, as in the a 

' the gas-holder already described, Thus by these i 

the veseeU are filled \vith gaa in succession, -when ^ 

wheel revolves in the direction of the orrowB, and the g 

. is oxpelled simultaneously from the vesgols at the sidt 




at the back of the wheel. This action continues so long ae 
the gas pasBea ; and on each chamber arriving at the 
centre, as occupied by that numbered 1, it ia then filled 
with gas, and in that position both its inlet and outlet are 
sealed by the water ; but as the wheel revolves, the outlet , 
of that chamber becomes unsealed, when the gas issueaM 
the burners. Hence tlie ca'^o.d^ y^ o-cib its^'ilution erf tf 
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■wheel being known, it is evident that byBiniple mediaiiical 
xueana the quantity passing can be recorde<l on tbe dial o 
index of the meter, with unerring eiactitudo. 

The measuring wheels of gas-meters are of course mad 
-Mith great accuracy, and vary in size according to th 
number of lighte they are destined to supply. Theil 
ciapacity is generally so calculated that vhen the maximuia 
of lights is burning, each light consuming at the rate ( 
fi feet per hour, the wheel will make 120 revolutions per 
lour. Thus a meter for ten hghts is ostimated to deliv^ 
60 feet per hour; therefore, the contents of each revolution 
of the wheel is equal to half a cubic foot, and it follow* 
that this would havo to be filled and Qmptied, or revolvoj, 
two hundred times before 100 feet would be indicated on 
the dial of the index. Hence by these means, when certain 
precautions are observed, the meter registei-e with unerring 
esflctitude during many years, until rendered useless from 
decay. 

The train of wheel-work giving motion to the hands on 
the dials is very simple, as each pinion works into a wheel 
which contains ten times as many teeth as itself. The 
ordinary index registers hundreds, thousands, and tens of 
thousands, while the units of feet are indicated on a re 
Tolving cylinder within the index-box of the meter. 

Fig. 55 is a cross section of a meter. 4 4 is the wheel o 
drum enclosed in the case, and supported by its axle work- 
ing in suitable bearings. There is a rectangulai- box 
attached to the front of case ; in which is a jiipc, I, for tha 
admission of the gas, the passage of which is indicated by 
the arrows ; the egress pipe is moi'ked i ; and the meter is 
ohargod with water to the line /* h. 

In the front part of the wheel is a hollow disc with aA 
orifice in its centre, through which passes the bent pipe tj 
but without either touching the disc or the axle. The 
orifice is sealed by the water. Thus the gas, on enterinj 
through the inlet a, passes into the square box, and theno 
by the bent pipe into the hollow disc, and bo into the ii 
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t-efisure, only igmtos st tbt e 

ressuxe be taken off Uie flune oata 
In iUustratiou of Uieseaflaeitiansii 

letiments we entered into, in order ti 

f tlie circuiuBtancea imd^r wfaitb < 

!^e most sui I able and arailaUe r 

»ld tin-plate meter cases of 1 

jxperiment with a dO-light a 

iirough for a considerable ti 

replaced and a light applied to the o 

burned with a flame equal to tha 4" 

about 18 incheB high, bat tbiaqBiehij'iG 

out, or was estinguished. This w 

tiie same result, thus proring it 

Tessel, the moment the p 

guished. But by allowing the renci 

and afterwards applying a ^g^ it ■ 

-which arose from a part of &e ffm 
capod, in the meantime sir 
the remainder, formed m e 

Another eimilar t 
in tbia instance the hotbwt pbig vas kft < 
applying the light, the fi 
more vivid than in the fi 
gas by 'ds lightness i 
orifice to fill the place of the g 
became dimmer and dimmar, sod 
blue, when it saddenly entered lifce an n 
explosion took place, shattering tfte meter a 
ing its ends a distance of several yards. 

On another occasion, mi mating a tnalwith a 
holder containing 2 feet of exploaare ( 
pressure of i^ths, the gas iwoisg from a i 
i^ted with a very intense bine flame ; hot os ti 
l^oBsure off the bolder, and apjilying the li^it, t 
it lifting Ibe holder from its place, i 
' e tank in every direction. 



